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Foreword 


2 


Researches in medical sciences have touched almost N, ar ‘of 
mankind. They have provided for the medical men a wide spectra m ef #ul 
knowledge. Surgical science has embarked upon new areas, openingAp altoge * 
„new horizon, In course of this triumphant march has accumulated new intär- 
mation for solving new problems. 


The author has traversed a new domain in his “Comparative Aspects of 
the Pituitary Gland" and has indicated potential areas of research, Every chapter 
is replete with examples of his Schclastic approach to the understanding of his 
numerous research findings. They are results of the author's long experience 
in this specialised field, 


wE 


By comparing his work with that of others he has been able to establish 
) findings related to the family of other vertebrates. In this context he has 
dealt not only with cytological aspects but also discussed the rather fragmentary 
; and incomplete knowledge about certain groups of animals. He has tried to 
if fill up the gaps in the works of earlier authors on the control mechanism of the 
gland with his own findings on different vertebrates and show new avenues 
J 


of research. 
A brilliant scholar, researcher and teacher, the author has won many 
distinctions and occupies a position of honour in the field of medical education. 


| am confident that specialists and advanced research workers will find this book 
useful. To an author of his eminence nothing will be more rewarding than this. 


SENATE HOUSE ( $. K. Mukherjee ) 


CALCUTTA-700 073. Vice-chancellor 
| June 1978, University of Calcutta. 











PREFACE 


In my earlier treatise, “Neuroendocrinological studies in stress: ci. 
mental surgical observations in vertebrates and invertebrates" published: `n 
1976 by the University of Calcutta | have presented my observations maini/ 
On comparative aspect of hypothalamo-pituitary-adrenal axis mechani m. While 
doing so the idea of compiling my findings on the comparative aspect of the 

— gland enriched with the comprehensive review of the relevant 
observations of the pioneer workers in the field cystallised in my mind. Thus 
| took up this venture. The volume intends to present collectively the com- 
parative features of the pituitary gland in different vertebrates based on histo- 
logical, histochemical and ultrastructural studies as undertaken by eminent 
scientists in the field and by the author. To make the presentation more 
interesting and cogent | have deliberately included a precise discussion on some 
of the circumventricular organs because of intimate closeness of the same with 
the pituitary gland. 


| take this privilage to keep on record my sincere gratitude to the late 

Professors B. Houssay, Dr. B. Romeis, and G, W. Harris, to Professors Hans 

Selye, K. Lissak, R. Diepen, B. T. Donovan, W. Bargmann, Allen Costoff, G. E. 

Pickford, M. G. Farquhar, R. L. Holmes, J. N. Ball, A. Tixier-Vidal, C. B. 

Jorgensen, K. G. Wingstrand, |, Chester Jones, Howard Bern, H. D. Purves, 

H. Kobayashi, K. Tsuneki, P. G. W. J. van Oordt, E. J. W. Barrington, 

M. Olivereau, and |. P. Callard from whose work | have made liberal referen- 

| JS: in comprehending the review of literature. In fact, the thought-provoking 

works of these esteemed authors have stimulated and encouraged me to under- 
e this comparative study of the pituitary gland. 






Karplus and Kreidi (1909, 1910, 1912) first described that the hypothal- 
‚amus had some bodily functions. On stimulation of the walls of the third 
ventricle there was acceleration of the heart-beat, changes in the movement 
and secretion of the gut, dilatation of the pupils and other autonomic effects. 
Cerebral hemispheres were removed from many of their experimental animals 
for destroying the projection fibres. On stimulation of the wall of the third 
ventricle in such animals the same reactions were found. Local anaesthesia 
applied to the part to be stimulated, abolished the reactions. They also traced 

% the paths which were essential for the mediation of the response, Cardiac 
responses depended upon the ventral roots of the upper five or six thoracic 
segments. Stellate ganglionectomy blocked the response. 


> 





/ \ 

f Houssay and Molirrelli (1925) stated that epinephrin secretion by ig 2 

adj e:.2)_meulla is controlled by the hypothalamus. 2 
— 


—/  Hesi1925, 1932, 1938, 1948, 1954) stressed upon the importance of 2° 


hypothalamus and he developed a method for stimulating differnt parts of thi. 
diencephalon in conscious cats by indwelling electrodes. After the stimula ch. — > I 
gxNeriments were over, the particular area of the brain was lesioned and the 
** rer⸗ed. 

Cannın's (1932) work on emergency reactions and homeostasis laid 
K portance on the sympathetic nervous system. < 

In the second half of the nineteenth century Claude Bernard said that ope 
of the ma:t important features of all living beings is their ability to maintain 
the constancy of their internal milieu inspite of changes in the environment. 

Selye (1936) attached importance to the pituitary adrenocortical syste 
The totality of the damage and the body's adaptive reaction has been called by 
him as Stress Syndrome or General Adaptation Syndrome. 

Lissäk and Endröczi (1960) stress the importance of the central nervous 
system in the adaptation activity, 

Roussy and Mosinger (1946) in their Traite de Neuro-Endocrinologie said that 
they were forced to demonstrate the existence of a reflex hypophysial neuro- 
regulation as a result of concentrating their study on the sumtotal afferent 
nervous paths to the excitosecretory centres of the hypophysis. A 

With all humility | admit that references of all the workers in this field \ 
could not be covered for which | beg sincere apology ; the want of space stood 
in the way to elaborate many valuable works even. 





e, 
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The historical aspect of the study on the structure and function of the 
pituitary gland has been excellently reviewed by Professor R. L. Holmes and - 
Professor J. N. Ball in their book “The Pituitary Gland" in 1974. Therefore this 
part does not need elaboration here. 
N. 


Earlier in 1958 Professor L. Belloni in his introductory note on Rate" x 
mirabile summarised the historical observations of the earlier authors and ef Ta 
function of the brain and pituitary prevailing at that time. He said i a 
the anatomicophysiological system of Galen (2nd Century A.D.) a formation i 
situated in an important place at the base of the cranium around the hypo- ` 
physial infundibulum called Rete mirabile because of an opinion which was — 
accepted in the middle ages. The vital spirit was brought by the blood 
stream from the left heart through the carotids to this level where the miraculous 
transfer from the vital spirit to the animal spirit took place. In the cerebral P 
cells or cavities there was localization of the higher functions of the soul. | 
Professor Belloni started from this doctrine and reviewed the various phases N 
(sympathetic phase, humoral phase etc.) and ultimately came to the present aot 


xiv 








dea which means that the diencephalon is = regulating centre of the vegeta- 


| ‘ive life and the emotional life through complex processes of integr%kion 
> gavin the cerebral cortex and the conscious life. He referred to ancien he 


| A l Tei cerebral secrecion. - 


ain — 





E ™ Professor K, M. Knigge (1975) referred to the work of Rene Descartes 
on Treatise on Man about 350 years ago. Descartes thought that different 
types of spirits from the body had an entrance into the brain Throwfi. »e 
pineal gland. The spirits were distributed through the Car ulthe~ dor 

7 and posterior parts ofthe brain. Different types of mechanisms iy the p teal 

gland regulated the distribution of these spirits to the brain. The gland prodoced 
its own spirits which passed into CSF, Descartes in his time dil- not specify 
the neural lobe, median eminence, organum vasculosum laminae terminalis, 
uns organ, subcommissural organ and the area postrema as in his time 
there was no electron microscope, Knigge further said, “These seven specialized 
circumventricular structures of the mammalian brain represent windows with 
individualized structural characteristics permitting intimate contact between 


\ blood and cerebrospinal fluid, neurons and specialized ependyma-glia. These 
= 





seven windows of the brain like the seven lucky deities of Japan, may each have 
a specific patron of bodybrain function which they serve''. 


Recently it has been proved that for the neural control of the anterior 
pituitary there is neuronal synthesis of peptidic releasing hormones in the 
hypothalamus and these are stored in the outer part of the median eminence, 
The releasing hormones are released into the pituitary portal vessels and reach 
the anterior pituitary for controlling its secretion of different hormones. Now 
it is thought that the releasing hormones pass into CSF and they pass through 

~ the ependymal cells of the median eminence to the pituitary portal vessels. 


| feel thrilled to draw the special attention of the learned readers to the 

description of a concept as envisaged in the practice of Tantras and Yogas of 

ancient India which essentially enunciates the modern idea of the brain, ventral 

p- hypothalamus, circumventricular organs and cerebrospinal fluid controlling the 
i Ayer gland. This, | strongly feel, needs a little elaboration. 


Ancient Tantras in India speak that the spirit known as Sakti is to cross 
the five centres in the spinal cord which are known as centres or Cakras and 
ultimately come into a particular part or Sahasrära of the brain. Thus the 

u Cakras are six in number. Within the Sahasrära there is a nodal area which is 
the hypothalamus, median eminence and the third ventricle which are the 
abode of Parama Shiva. Pituitary Is the abode of Sakti or the spirit, The 

P theory of the Täntriks speaks that Kundalini ascends and the human body is 
maintained by the nectar which flows down after the union of Siva and Sakti 

As, in the Sahasrära. This nectar is formed by their union. 


Xy 





Mome ry union between Shiva and Sakti results in elaboration of the 
nectar by theylatter. The resultant nectar has the colour of that of the extract 
of ic, The pectar is responsible for the well-being of the body and the mind, 


Compared to modern sciences this area and facts can be depicted in the 
following diagram : 











Late Dr. Shashibhusan Das Gupta in his “Obscure religious cults’’ has said ‘hat 


ashe final end of the Nath Siddhas is immortality in a perfect-hot> wid .aa 
divine body, | 


Secretion of nectar from the moon i.e. Sahasrara is associated with the 
rousing of the Kundalini Sakti and it is held that rousing of Sakti in “he Sahasr" a 
is instrumental to the trickling down of the nectar ana ... stimes ti 
herself is depicted as the drinker of the nectar. Drinking of win and e ing 
of meat which are indispensible to a Tantrick Sädhaka are ex: lained bythe 
Nath Yogins as drinking of nectar from the moon and turnin, the torgue 
backwards in the hollow above. 


Control of mind through the control of the wind by Pranayama is very 
important in the Natha literature, For the final arrest of the mind there are 
psychological processes from Asana to Samadhi. In the Nath cult these 
processes are associated with the process of retaining the Mahä-rasa (nectar) 
and the Yogic regulation of the secretion for the transubstantiation of the 
body and in this way eternal life is attained 


A curved duct (Banka näla) connects the moon (the hypothalamo- 
hypophysial region) below the Sahasrära (Brain) with the hollow of the palatal 
region through which the Soma or Nectar or Amrta is poured. This path is 
reminiscent of Rathke’s pouch of the developing pituitary having a communica- 
tion with the roof of the pharynx and also of Rachendachhypophyse. In the 
developing adenohypophysis there is only a residual lumen and the former is 
connected with the epithelium of the pharynx by an epithelial stalk. The 
curved duct is known as the Saükhini in the Yoga physiology. The upper 
opening of Sañkhini is known as Dafama-dvara (tenth door) of the body. The 
Yogic Sadhana of the Nath Siddhas veers round the conservation and the Yogic 


j ja of the nectar or the Maha rasa. 


The orohypophysial duct persists in the Polypterus ornatipinnis. In some 
juvenile clupeoids (also the herring) and in the young of some other primi- 
tive teleosts an orohypophysial duct is present. It is also present in the 
young of palaeoniscoids. In Elops and Hilsa ilisha this duct is present in the 
adult. In the coelacanth (Latimeria chalumnae) the Rathke's pouch is un- 
usually long during development and isolated islets of glandular tissue are 
formed in it. There is a large buccal pars distalis. An epithelial stalk being 
originated from the oral part of Rathke’s pouch persists in many species of 
birds. This cellular connection stretches between the pars distalis and the 


xvii 
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‘The nervous and vascular mechanisms are involved for the mediation of 
the strew*rx0nses from man to the fish. In man and higher vertebrates 
the reticular formation, hypothalamus, septal nucleus, amygdaloid nucleus, [7 
hippocampus, pyriform cortex, cingulate cortex, orbito-insular-temporal cortex " 
prefrontal cortex are all involved in the mediation of the stress responsa “~ 
le ir facih qeory or inhibitory ways. 





Sr 


Tee Lara 
r In birdi, reptiles, amphibians and fish hypothalamic and extrahypothalamic 
areg! are alsolinvolved in the mediation of the stress response. 


i > . 
p. Hypophysiotrophic area 


This area corresponds to the place which Is the abode of Parama Siva. SE 


This is the mediobasal hypothalamus (MBH) and CRF activity has been 
noted in it and in the median eminence. Hypothalamic CRF circa- 
dian peak occurs three hours before the peak of corticosterone in the blood. 


ACTH secretion can be maintained by anterior pitultary homografts if 
they are vascularized by the median eminence vessels. Such grafts also respond 
to stress In the fish, amphibians, reptiles, birds and mammals. 


The work presented in this volume has been undertaken during the tenure 
of Maharaja of Darbhanga Research Scholarship which was offered to the author 
in 1976-77 by the University of Calcutta. 


| express my deep sense of gratitude to Dr. Satyendra Nath Sen, Ex-Vice- 
Chancellor and Dr. P. K. Bose, Ex-Pro-Vice-Chancellor, University of Calcutta, 
who inspired me in starting this work. My sincere gratitude is extended to 
Dr. Sushil Kumar Mukherjee, Ex-Vice-Chancellor, University of Calcutta for his 
affectionate blessings and kind permission to get this book published by our 
University, At the same time | express my indebtedness and gratitude to u 








Sri Arun Ray, Pro-Vice-Chancellor for Business Affairs and Finance and Dr, R. K 
Poddar, the present Vice-Chancellor of the Calcutta University. 


| keep on record my thankful appreciation of the active cooperation and 
assistance that | received from Dr. 5. Chaudhuri, Dr. Ajit Kumar Dutta, Dr. 
Amalendu Gupta, Dr. Saroj Kumar Pramanik, Dr. Ajit Kumar Nan, Dr. Samir 
Kumar Banerjee, Dr. Gautam Kumar Roy, Sm. Rina Roy, Sm. Shyamali Mondal, 
Sri Kashinath Chakraborty and Dr. Amal Kumar Basak. | am extremely 
indebted to my distinguished Ex-student and colleague Dr, Dilip Kumar Misra, 
whose untiring efforts made it possible for me to bring out this volume, | am 
extremely grateful to the Principal and Superintendent of R. G, Kar Medical 


xvili 
wg 





College and Hospitals and especially to Prof. Dr, K. Bhattacharyya, the Present 
Principal and Head of the Department of Pathology & Bacteriology ta whe the 


Nees is indebted to a great extent for his constant encouragement- nd helpful 
criticism. 


The author is specially indebted to Professor Hideshi Kobayashi and Dr. K, 
Tsuneki for the electron micrographs included in the chapter the fir! ds, 
amphibians and the reptiles, Indebtedness is also — Pre, jors 
R. Diepen, K. G, Wingstrand, M. Olivereau, P. G. W.J. van O;frdt, anaf H. 


Duvernoy for allowing me to use some of the figures published in ‘their paners 
fnd books, | 


The royalty accrued from the sale of this book is hereby donated to the 


AN University. of Calcutta. 


The author wishes to place on record his deep sense of appreciation and 
gratitude to all the pioneer workers who have devoted themselves whole- 
heartedly to the study of Hypothalamo-Pituitary-Adrenal-Axis which inspired 
the author more than anything else to take up the present work. 


Despite my sincere attempts to make the present volume fullproof a few 
errors and omissions may have crept in while completing this volume for which 
responsibility is entirely mine. Such error, if there be any, is very much 
regretted. 


| express my sincere thanks to Sri Manik Chandra Banerjee, Sri Gour 
Mohan Ghosh, Sri Narayan Chandra Saha, Sri Suhas Mukherjee, Sri Kartick 
Chandra Das and Sri Sekhar Chandra Das for their technical help. Thanks 
are also due to Dr. Dinabandhu Banerjee for his constant encouragement, 
Librarian Sri Satish Chandra De has helped me in all the facets of this book for 


= Which the author is greately indebted. 


i ~ Finally, | express my gratitude to the Press Superintendent and staff of 
Ahe Calcutta University Press and the Pooran Press for their kind help. 


The IBth September, 1981 
16B, Sachin Mitter Lane, BINOD BIHARI ROY 
Calcutta-700 003 





Explanation of abbreviations 


AC=Acid phosphatase 


AChE —Acetylcholinesterase (specific) 


+ AD=Aldolase 


AK=Alkaline phosphatase 

AMPase =Adenosinemonophosphatase (5’.nucleotidase) 
AP —Amylophosphorylase 

ATPase =Adenosinetriphosphatase 

BIUL—Bismuth iodide +uranyl acetate and lead 
E-PTA=Ethanolic phosphotungstic acid 

GERL= Golgi-endoplasmic reticulum-lysosomal complexes 
G.6-PD —Glucose-6-phosphate dehydrogenase 
LDH=Lactic dehydrogenase 

LERL—Lipid-endoplasmic reticulum-lysosome complexes 
MAO =Monoamine oxidase 

NAD =Nicotinamide-adenine dinucleotide 

SDH = Succinic dehy.’ genase 

TPPase—Thiamine pyrophosphatase 


UDPG—Uridine diphosphoglucose glycogen transferase 
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From untruth lead me to Truth ; 
From darkness lead me to Light ; 
From mortality lead me to Immortality. 
— From Brihadäranyaka Upanishad 














p? Micron ( micrometer ): (wm )=0.001 mm, 10-*m — 

0°» Millimieron (nanometer ) : mu ( nm )=0,001 um, 10-®m 
Angstrom: A=0.1 nm, 10-1%m — * 
— 








ae 4 


ee a 


_ Circumventricular or ependymal organs (Hofer, 1958, 1965) 


| These are specialized neuroendocrine structures which seem to be 
associated with all of the recesses of the midline ventricles. They are highly 
vascularized. Sex hormone concentrating cells have been demonstrated within 
these structures or in their close vicinity (Stumpf, 1975). These organs include 
median eminence, neural lobe, pineal body, subcommissural organ, sub- 
fornical organ, organum vasculosum of the lamina terminalis (OVLT), area sq. _ 
postrema, organum (recessus) mammillare, and the organum colliculare caudalis. 


| 
l 








CHAPTER I 


=. | 


n 
RECENT TRENDS IN THE RESEARCH OF 
CIRCUMVENTRICULAR ORGANS 


Naik(1976) concluded that ihe LH-RH positive neurons were more in the 
nucleus of the diagonal band of Broca, the dorsal and the medial septal nuclei, 
the preoptic, medial prechiasmatic areas, in the ventromedial and arcuate nuclei 
and in the ventrolateral-premamillary body. In other areas of the hypothalamus 
surrounding the suprachiasmatic, supraoptic and anterior hypothalamic areas, 
and the paraventricular nuclei, these nuclei were few and scattered at random. 
A few neurons could also be traced in the median eminence and in the infundi- 
bular stem, 


Majority of the LH-RH nerve fibres were found in the external layer of 
the median eminence and they were found to end around the capillaries of the 
primary portal plexus of the median eminence. A few fibres terminated near 
the third ventricle. Thus it is possible that secretion of LH-RH is released 
mostly in the median eminence portal system and some in the ventricular fluid. 
Transport of LH-RH from ventricular fluid to the mediam eminence capillaries 
occurs through the ependymia. The immunoelectron microscopic findings suggest 
that the LH-RH is synthesized in the neurons and packaged or condensed in the 
granules (dense core vesicles) in the Golgi cisiernae. 


Jonas et al.(1976) attempted to measure the concentration of endogenous 
LH-RH in the peripheral plasma of the sheep in various physiological states. 
The concentrations were 120-400 pg/ml in five animals. The majority of this 
material was found to be methanol-insoluble, heat-stable. and of low or absertt 
biological activity, unlike synthetic LH-RH. “Levels of immunoreactive LH-RH 
in methanolic plasma extracts are at the limits of assay sensitivity (12+6 pg/ml), 
while assays in plasma concentrates suggest! that endogenous levels are 1 pg/ml 
in most samples". 

_ Kordon(1976) reviewed recent data on cellular aspects of the neuroendocrine 
and presented new data on hormone-neurotransmitter interaction 
madotrophic regulation. Nerve terminals containing LH-RH could be 
| “in De vs organ fie lamina emia in a broad area of the 

eminence an the dorsal tip of the pituitary stalk. Regarding the 
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LH-RH distribution in nerve terminals has been shown in e LERI” 
fractionation experiments. Most bioassayable and radioimmunoassayable LH-R 

is found in the synaptosomal fraction. Detectable amounts of the peptide could 
not be recovered from the supernatant fractions containing most soluble material 
from the perikarya. 





LH-RH xüvity is not found beyond the arcuate-median eminence area 
and the cell bodies are situated in the medio-basal hypothalamus, There is no 
terminal degeneration of the neurovascular junctions of the median eminence ` 
after anterior hypotħalamic deafferentation. This proves that fibres taking origin 
from the anterior hypothalamic areas do not end at that level. Kordon and his 
associates(1976) made a Halasz-type cut in the retrechiasmatic region of the 
hypothalamus. At 15 days after deafferentation, a significant amount of label a 
could be detected in the basomedial hypothalamus. The concentration was 
mostly in the rostral part of the median eminence and in the dorsal tip of the 
stalk. The organum vasculosum of the lamina termmalis is anterior to the 
level of section, LH-RH fibres innervating this organ originate outside medio- 
basal hypothalamus. Immunoreactivity has not been noted in the perikarya of 
the rat. This may be due to the fact that the hormone is syntheltized as a ` 
prohormone in the cells and transporæd along axons and only to be detected in 
the special zone of the median eminence where enzymatic activity imparts the 


biological and immunological properties(Kordon, 1976). An alternative hypo- | ‘ 
thesis suggests that the tanycytes of the basomedial hypothalamus can transfer the i 
peptide from the third ventricle to the portal system. ‘ 


Koraon(1976) concludes, “our present feeling is that future investigation will 
focus attention of the cellular and subcellular mechanisms of these regulations. 
This will probably permit to settle some of the problems concerning the level 
of action of neurotrasmitters, the importance of their respective effects as 
synthesis, axonal transport and release of neurohormones. Detailed information 
on the fine actions of steroid or synthetic hormones acting at the hypothalamic 
level should also be expected from this approach, thus permitting a better 
screening of compounds which may be useful as fertility or antifertility agents 
and a better evaluation of their possible side effects, 


Pfaff and Keiner(1973) observed in rats, two hours after intraperitoneal 
injection of oestradiol-H® that there are oestradiol-concentrating cells in a 
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ing neurons which participate in the control of mating behaviour and of gonadotro- 
“Phin release from the pituitary”. 


Ptaff(1976) said that a similarity exists broadly between the neuroanatomic 
distribution of oestradiol and testosterone but there may be some differences in 
detail within each individual limbic or hypothalamic structures. The preoptic 
area and the hypothalamus do not bind steroids indiscriminately, "H-corti- 
costerone is bound strongly by neurons in the hippocampus and is not bound 

p strongly by above mentioned neurons. 


The female rat has more oestradiol-binding neurons than the female hamster 
and their location in the rat is rather further forward in the medial preoptic 
area than in the medial anterior hypothalamus. Rats are much more sensitive to 
b oestradiol than hamsters, Oestrogen binding has been noted in the medial 
preoptic arca, medial hypothalamus and lateral septum of the female cat. In 
the Rhesus monkey the locations of oestrogen-binding neurons are in limbic 
forebrain structures, the preoptic area and the midline hypothalamus. In the 
male chaffinch (songbird) the song depends upon testosterone. Labelled cells 
in the lateral septum, the medial preoptic area, and in midline hypothalamic 
nuclei have been noted in castrated male chaffins with testosterone treatment. 
4 In the mesencephalon labelled cells were noted in specific cell grouping called 
x nucleus intercollicularis after injections of *H-testosterone. This nucleus is res- 
ponsible for vocalization. “Testosterone neurons in the preoptic area mediate 
androgenic effects on mating behaviour and labelled neurons in the hypothalamus 
i effects in the release of pituitary hormones. In the castrated male Zebra 

finch labelled cells have been noted in the lateral septum, medial preoptic 
area, medial anterior hypothalamus and in tuberal hypothalamic nuclei 
after intramuscular injection of *H-testosterone. Androgen binding was also 
noted in the mesencephalic nucleus intercollicularis. In the lower brain stem 


4 = — 

| specific androgen binding by the motoneurons which control the syrinx (a 
a specialization of the trachea which is respons‘ble for song production) was also 
nated.” 

d . 

i In the castrated male Xenopus *H-testosterone labelled cells were found in 


the medial preoptic area and in a midline hypothalamic nucleus, the ventral 
nucleus of the tuber cinereum. - Similar binding in the cells are noted in the 
female Xenopus, 
Ovariectomized female Xenopus showed °H-estradiol accumulation in the 
of the septum, the amygdala and in a specific portion of the striatum, High 
ensity of labelled cells was noted in the medial preoptic area and in the ventral 
ucleus of the | iber cinereum. Small number of labelled cells was found in 
ventral thalamus and in the torus semicircularis of the midbrain. The 
on of the estradiol binding cells in the brain of male Xenopus - 
i.e J 
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4 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


‘H-testosterone labelled cells were noted in the anterior pituitary and in the 


midline hypothalamic nuclei surrounding the pituitary stalk in castrated mak” 


sunfish after intraperitoneal injections of ®H-testosterone. 


Pfaff(1976) concludes by saying that, “Taken together, this work suggests 
that estradiol and testosterone binding in brain, as studied autoradiographically, is 
one step in the physiological process by which the brain responds to these 
steroid hormones and controls pituitary function and mating behaviour”. 


Stumpf er al.(1976) sand that “the autoradiographic data demonstrate : 
(1) female and male sex steroids concentrate in neurons of the nervous systtm 
in different vertebrate species; (2) in the different vertebrate species the 
anatomical distribution of estrogen target cells is similar and is related to phylo- 
genetically old structures of the brain; (3) the stria terminalis appears to be 
the main interconnecting and integrating system of sex hormone target neurons; 
(4) female and male sex steroids concentrate in certain cells of the pituitary, 
and (5) estrogen target cells exist in the rat ependymal organs, such as the 
pineal, the subfornical organ, the vascular organ of the lamina terminalis, the 
infundibulum and the area postrema”. 


Scott er al.(1976) thought that small but physiologically important and 
ubiquitous bioactive molecules may be absorbed from the CSF and specialized 
ependyma of the median eminence transporied them to the portal bed. For 
the proper anterior pituitary metabolism several systems may act together in an 
integrated way. “Direct-projecting tuberoinfundibular axons from the endocrine 
hypothalamus probably represent the rapid phasic neuronal input to the portal 
vasculature and may be superimposed over a took, low-grade transependymal 
input which may serve to control baseline levels of pituitary activity and meta- 
bolism. In view of these data specialized ependyma (tanycytes) must be regarded 
as an active, dynamic population of cells which may contribute significantly to 
alterations in the peripheral endocrine milieu”. 


Cardinali er al.(1976) concluded that marked changes have taken place in 
the pineal as vertebrates have evolved from amphibians to mammals. In the 
amphibia the pineal is a photoreceptive organ which sends nervous information 
to the brain via pineal nerves; the mammalian pinealocytes are neuroendocrine 
transducers having no direct connections to the brain and their metabolism is 
controlled by an indirect pathway involving the peripheral sympathetic nerves. 
In the avian, the pinealocytes probably acts as photoendocrine transducers by 
converting a photic input reaching them directly through the skull into a 
hormone output. 


The authors further suggest that endocrine signals coming to the pinealocytes 
through the general circulation are active modulators of pineal function. There 
is a decrease in the pineal melatonin synthesis after castration in male and 
female rats. Physiological doses of testosterone or estradiol increase the synthesis 
—— Protein synthesis, which probably includes antigonadal peptides, 

i$ also enhanced by low doses of — — testosterone in castrated rats. 


nf 
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- Melatonin and antigonadal peptides act through the brain to depress the rate of 
goradal maturation and to interfere with subsequent gonadal funclion and cycli- 
city. Therefore a negative feedback operates between the gonads and the 
pineal gland in mammals. 


Anand Kumar et al, (1976) drew attention to the circumventricular epen- 
dymal derivatives integrating the nervous and endocrine systems. The tanycyte 
ependyma lining the anterolateral walls of the third ventricle of the hypothalamus 

. of the Rhesus monkey have a possible role in the hypothalamic regulation of 
anterior pituitary function. The tanycyles form the cellular link between the 
third ventricle and the blood vessels of the median eminence (Anand Kumar 
and Knowles, 1967). Morphological changes in relation to the endogenous 
levels of gonadal hormones have been noted at the luminal surface of the tanycytes 
and a very high concentration of silver grains has been found here in antoradio- 
graphic preparations of brain from monkeys given *H-estradiol. Estradiol has 
also been detected by them in the CSF. They postulated that, “the luminal 
Surface of tanycytes might detect or absorb ovarian steroids (or their metabo- 
lites) from the CSF and that they discharge substance affecting pituitary gonado- 


3 trophins through their terminals end’ng on blood vessels (Knowles and Anand 
Kumar, 1969). Knigge and Scott (1970) have suggested that the tanycytes 
5 transfer gonadotrophin releasing hormone (GnRH) from the CSF to the portal 
vessels, Scott er al. (1976) found positive immunohistochemical reaction to 

4 GnRH in the tanycyte process 


In the anterior tuber cinereum of the Rhesus monkey cells with large 
P coarse cytoplasmic granules have been noted by the authors The contents 
vary according to the reproductive-endocrine status of the monkey. These cells 
are innervated by adrenergic nerve terminals. They are directly involved in 
the regulation of pituitary gonadotrophin secretion. 


EF Anand Kumar er al. (1976) state that “the above findings indicate that 
the pineal receives both neural and hormonal inputs. These findings, viewed 
against the known effects of pineal principles being able to enhance or inhibit 
pituitary gonadotrophin secretion, and the recent finding of a high concentration 
of GnRH in the pineal have led to the suggestion that the pineal may cons- 
titute a second site at which the endocrine functions of the pituitary and gonads 
are in tegra ntad 


_ Regarding the book “Anatomical neuroendocrinology” by Stumpf and 
pie a it has been said that it provides maps and atlases of hypothalamic 
ami sites of hormone uptake with relationship to pituitary 
feedback regu modulation of behaviour, electrical activity and actions of 
„ne irotrai ansmitt and polypeptide messengers. Data are provided on neuro- 
"l transmitter-hormone interrelationships. This book is a landmark in the history 
“of <n perlaology. It proves the concept The brain as a gland. The neuro- 
— brain stem and the periventricular brain stands in contrast 
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to the past era of median eminence-hypothalamic neuroendocrinology. This 
infundibular recess organ now appears to be but one among many similar neuro- 
endocrine structures, 


Stumpf(1975) states that "if we accept as integral parts of the brain such 
tissues as ependyma, choroid plexus, infundibulum-infundibular process, vascular 
organ of the lamina terminalis, subfornical organ, pineal complex and area 
postrema, then the brain, in addition to being a neuro-neuronal sensory-motor 
link, is a neuro-vascular and neuro-ventricular organ.” 


Accumulations of steroid hormone concentrating neurons have been noted 
in juxtaventricular areas specially at the ventral aspects and ventral extension of 
the ventricles. Estrogen target neurons are accumulated mainly in the preoptic 
hypothalamic and medial amygdaloid regions, while natural glucocorticosteroids 
are found mainly in the hippocamposeptal and lateral amygdaloid piriform 
cortical fields. Phylogenetic older parts of the pallium also contain soma 
steroid hormone target neurons. In the mice studies, the concentration of 
°H-estradiol is generally more extensive and intensive compared to the Sprague- 
Dawley rat. They further suggest that due to high vascularization and accumu- 
lation of estrogen concentrating cells in conjunction with the anatomical locali- 
zation led them to suggest the existence of circumventricular organs in the 
colliculus caudalis and mammillary recess. Postulation about the existence of 
an organum oolliculi caudalis at the rostral recess of the fourth ventricle could 
even be done. He further states, “In addition, the similarity of structure and the 
proximity of the subependymal n. triangularis septi to the organum subfornicale 
suggests that in the mouse and rat these structures belong together and that the 
n. triangularis septi form the rostroventral part of the organum subfornicale : 
the n. preopticus medianus is likely to be included.” 


Eisenfeld(1975) made schematic drawing to represent the initial steps in 
the interaction of estrad’ol with the uterus. Estradiol attaches to an 8-S binding 
protein in the cytoplasm. The complex crosses the nuclear membrane either 
before or after conformational change of the protein to 5 S. The complex 
attaches to acceptor proteins on chromatin and modulates RNA synthesis. 


After in vivo administration, ®H-estradiol concentrates in the anterior pitui- 
tary, hypothalamus, and portions of the limbic system. The accumulation is 
highly specific for estrogens. Cytosol binding proteins with high affinity and 
selectivity for estrogens have been noted in the hypothalamus and pituitary. 
Evidences are there to suggest that the cytosol binding proteins in these sites may 


translocate 10 > the nucleus after the estrogen attaches. — 
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has the highest concentration of cystosoi "Hecoricosterone b 
among brain regions. 
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„ The ventricular recess organs are associated with labeled neurons. There 
is labeling of the ependyma in different regions of the brain stem. “The present 
observations regarding the morphology and extensive labeling of the ependyma 
in the colliculus caudalis, associated with the high vascularization and neuronal 
labeling of adjacent structures, suggests that this is of functional significance. 
It is possible that this represents a hitherto undescribed circumventricular struc- 
ture, the organum colliculi caudalis. This collicular organ at the entrance of 
the fourth ventricle may represent an anatomical counterpart to the organ at 
the exit of the fourth ventricle, the area postrenta, and other midline enfrance or 
exit organs, such as the vascular organ at the optic recess, the organ subfornicale 
between the foamina of Monroe, and the subcommissural organ at the entrance 
of the aqueduct”, 


Sheridan er al.(1975) studied the distribution of neurons that concentrate 
estradiol and testosterone or their metabolites in the brain of 2-day-old female 
rats by using autoradiography. These neurons were found in the preoptic 
region, the basal hypothalamus, and the amygdala. These studies demonstrate 
a commop anatomical substrate upon which both estrogens and androgens, or 
their metabolites, may act during the critical period of sexual differentiation of 
the brain. 


Sar and Stumpf(1975) studied cellular localization of progestin and estrogen 
in guinea pig hypothalamus by autoradiography. They injected ®H-progestrone 
or “H-estradiol-178, and used dry- and thaw-mount autoradiography. Progestin 
target neurons were present in the nucleus (n) preopticus periventricularis, n. 
preopticus suprachiasmaticus and n. arcuatus. In addition to these areas, 
estrogen target neurons have been noted in the parolfactory region, n. preopticus 
medialis, n. interstitialis striae terminalis, nsepti lateralis, n.paraventricularis, n. 
supraoplicus, n. periventricularis, and in the arcuate-ventromedial hypothalamic 
region, including the n. arcuatus, n. ventromedialis-pars ventrolateralis, n pre- 
mammillaris, and n. magnocellularis mammillaris prelateralis. Estrogen target 
areas appear to be more extensive. Estrogen pretreatment increases progestin 
uptake. The results suggest that identical hypothalamic neurons can be acted 
upon by progestin and estrogen. 

Martinez-Vargas er al. (1975) said that, “the close correspendence between 
the distribution of estrogen concentrating neurons in avian and mammalian 
rains indicates that that underlying neuronal systems have a remarkable degree 
Mf phylogenetic stability in the face of widely different evolutionary pressures ', 


975) located the immunoreactive gonadotrophins in several neural 
1 structures in the brain of the rat by immunoperoxidase histo- 
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§ COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Gonadotrophin sites in the rat hypothalamus are suprachiasmatic nucleus, 
ventromedial nucleus (ventromedial part), arcuate nucleus, periventricular 
nucleus and ventral premammillary nucleus. The nonneural gonadotrophin 
sites in the rat brain are the ependyma of third and lateral ventricles, hypendymal 
cells in median eminence, chorioid plexus of lateral ventricle and subcommissural 
Organ. 


Kozlowski ef al.(1975) found Gn-RH in some neurons of the arcuate 
nucleus and fibrillar elements in the Zona externa of the median eminente of 
the mouse and sheep by the immunoperoxidase bridge technique. Neurophysin 
was detected in the supraoptic and paraventricular nuclei, in their cell processes 
in both the Zona externa and interna of the median eminance, and in the 
neural lobe. Gn-RH could not be detected in elements of the magnocellular 
system. Gn-RH and neurophysin staining predominated in different areas of 
the median eminence but both the neuropeptides were common to the Zona 
externa. 


Kawakami and Kimura(1975) concluded that, “the brain areas involved in 
the estrogen-neuron system plays a fundamental role in the control of ovulation, 
although cach part in this system is not uniformly affected by estrogen. Ib is 
apparent that the temporal and spatial characteristics of action of estrogen and 
progesterone determine the functional interaction between the hormones and 
this system”. 


Stumpf and Sar(1975) considered that *H-dexamethasone is a synthetic 
glucocorticosteroid and autoradiographic studies with it show considerable 
differences when compared to *H- corticosterone which is a natural glucocorti- 
costeroid. In contrast to "H-corticosterone, "H-dexamethasone enters the brain 
very slowly and through the ventricular system. This is probably due to a 
blood-brain barrier. Apparently there is no such barrier for corticosterone. 


“In the hippocampus, septum and cortex, only weak neural labeling is 
apparent with “H-dexamethasone which, however, in contrast to "H-corticosterone, 
shows neuronal labeling in periventricular nuclear groups in the preoptic and 
hypothalamic regions, and concentrates in glial cells, endothelial cells and ependy- 
mal cells throughout the brain, From these results one can conclude that the sites 
of action in the brain are different between corticosterone and dexamethasone. 
These two compounds may therefore not be used as pharmacological substitutes 


for each other, as is commonly done". — 


Rees et al(1975) contrasted the localization of dexamethasone and corti- 
costerone in the rat brain. 


% 
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a Autoradiography after injection of 
5H-dexamethasone 3H-corticosterone 
(1) A steep concentration gradiant of (1) It did not show such. 
radioactivity from the ventricular and Inference = entry into the brain by 
cortical surfaces was seen 30 min different route. 
after injection. 
= (2) Peak accumulation of radioactivity (2) Peak accumulation of radioactivity 
opeurred later. occurred earlier, Inference = rate of 
penetration is variable 
(3) Concentration was by all cell types (3) Concentration was primarily by neu- 
in the brain, including choroid plexus, rons and weakly by choroid plexus 
epithelial cells, enduthelial cells, glial epithelial cells. 


cells, and cells of the circumventricu- 
lar organs and meninges and also by 


neurons. 

(4) Dexamethasone—concentrating cells (4) Corticosterone—concentrating neurons 
were noted in most regions surround- were found primarily in the hippo- 
ing the lateral and third ventricles. campal formation, nuclei septi latera- 

lis, amygdala, piriform cortex, entor- 

; hinal cortex, and suprarhinal cortex, 
cingulate arca. 

i ($) The nuclear concentration of dexame- (5) The degree of nuclear concentration 

thasone generally was relatively weak. of corticosterone was heterogencous, 

ranging from weak in periallo-coriical 

i cells to very strong in hippocampus 


Stumpf and Sar(1975) observed highest accumulation of radioactivity after 

injection of I-labeled triiodothyronine or thyroxin in the choroid plexus, the 

| ependyma in the region of the optic recess and infundibular recess, in the 

infundibular process and in the pars distalis of rat's pituitary. The radioactively 

labeled circuminfundibular region, probably representing an area covered hy 

ependymal tanycytes and processes of them, corresponds well to the so-called 
hypophysiotrophic area. 


Hokfelt er al.(1975) said that, “with the indirect immunofluorescence 
technique, the localization of four catecholamine-synthesizing enzymes and of the 
luteinizing hormone releasing hormone(L R H) has been traced in the central 
nervous system of the rat. With antibodies to dopadecarboxylase, neurons were 
stained with a localization corresponding to known dopamine and S-hydroxytry- 

systems, and in addition hitherto unidentified cells mainly in the hypo- 

I , possibly containing a monoamine-like substance. Dopamine B-hydro- 
“xylase was fourd in neurons localized similarly to known noradrenaline and 
d in a comparatively limited number of cell bodies in the medulla oblon- 








27 

er 1 = “3 
— Fena 
tL ae 


if 







serve terminals in various areas of the brain stem and the spinal 


a 
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cord, probably indicating the existence of central adrenaline neurons. LRH- 
positive nerve endings were observed in high numbers in the external layer of the 
median eminence and in single axons in certain other hypothalamic and extrahy- 
pothalamic areas”. 


Brownstein(1975) said that histamine appears to be synthesized and stored 
in axons Starting from nerve cell bodies in the brain stem and mesencephalon. 
Highest level of histamine in the hypothalamus was noted in the nısdian eminence. 
In the median eminence of the rat, some or all of the histamine may be in the 
mast cells. He further states that the mast cell histamine is inactive from, the 
neuroendocrine point of view. Axons terminating near these cells may lead to 
discharge of histamine into the portal circulation. Mast cells are not present in 
the parenchyma of the hypothalamus. So, the histamine that was measured in 
the hypothalamic nuclei may be present in the nerve endings. Highest level of 
histamine was found in basal and posterior areas. In this way, acetylcholine and 
epinephrine are also important and their distribution is reflected by the presence 
of their respective biosynthetic enzymes, choline acetyltransferase and phenyle- 
thanolamine-N-methyl-transferase. 


EPENDYMAL CELLS 


Fully developed cells are arranged either as a simple or pseudostratified 
columnar ciliated epithelium. Ependymal fibers originate from the basal part 
of the ependymal cells. The fibers are long having repeatedly branching cell 
processes. 


The ependymal cells of the normal ventricular system in man may be tall 
columnar ependymal cells with or without flagellum or cilia, or a high or low 
cuboidal type. Sometimes very flat ventricular lining cells are noted. This 
type of flat lining cells have been commonly met with by Kuhlenbeek(1970) in 
the ventricular border of certain specialized areas, such as area postrema, in- 
fundibular and pineal recess, supraoptic crest, subfornical organ and at the lining 
by telae chorioideae, Tall columnar ependymal cells without cilia and occa- 


is the ependymal organ of Kappers-Charlton. 
Kappers, Huber and Crosby(1967) stated that the non-nervous tissue within 
the central nervous system differentiates into €pendyma, the choroid plexuses and 
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tall ependymal cells, overlying a rich capillary plexus and often giving evidence 
at their surfaces of an albuminous deposit 
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from the blood vessels into the ventricle. Frederikse has demonstrated inter- 
an substance between the ependymal cells similar to that between choroid 
cells”, 


- ENZYME HISTOCHEMISTRY OF 
EPENDYMAL CELLS 


Positive reactions for A T Pase, A M Pase, T P Pase, A K, and A C have 
been noted in the ependymal cells. More enzyme activity is noted at the apical 
or luminal borders of the cells (Manocha er al., 1967). Towards the border of 
the lumen the T P Pas-positive Golgi apparatus was found and no Golgi 
material was detected in the rest of the cytoplasm (Shanthaveerappa and Bourne, 
1965 ; Shantha er al., 1967). The nucleolus in these cells reacted positively for 
phosphatases, except for acid phosphatase. 


A strong positive reaction for S D H, C Y O, LDH, G -4- P DAD, 
and N A D and NA D P—linked diaphorases was noted in the ependymal 
cells. The reaction was in the form of diffuse fine granules. The enzymatic 
concentration was at the distal surface of the cells which indicated a strong 
oxidative metabolism. In the infundibulum low S D H activity was noted by 
Friede(1966). The ependymal cells of the spinal cord in the squirrel monkey 
showed a strong positive reaction for A P and specially in the nucleus, but 
negative reaction for U D P G was noted in these cells, 


AChE and MAO were present in negligible amounts in the ependymal 
cells. 

Manocha and Shantha(1969) observed that, “From the various enzyme 
reactions, it may be surmised that the ependymal cells are very active functional 
cells, with the greater part of their metabolic activity concentrated toward their 
apical parts. The functional significance is primarily that the concentration of 
the metabolic activity at the apical part of the cell is related to ciliary move- 
menis and secondarily the production or absorption of CS F". 

The infundibular organ of Amphioxus (Branchiostoma) 
= Tn the anterior end of the spinal cord of Amphioxus there is an epichordal 
apical vesicle. Kuhlenbeck(1975) said that the apical vesicle can be regarded 
as an arche cephalon homologous to the embryonic prosencephelon of Craniote 
vertebrates. “Amphioxus seems to represent an essentially spinal animal, lack- 
ig in sub visions comparable in detail to Craniote meculla oblongata, 
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area and i is connected with the brain. The pit of Kolliker or olfactory pit is 
usually displaced towards the left. This pit is a remnant of the external neuro- 
pore and it may act as a chemoreceptor organ. Posteroventrally the infundibular 
organ is formed by will columnar cells with one or two flagella per cell at their 
ventricular surface (fig. 1.1). A nerve comes out from the other end of the 


cells, 





Fig. 1.1. A-D. To show phyletie ori- 


gin of the neurosecretory cells of 

the hypothalamus. (A) After Ols- 

son and Wingst (1954), Cells 
of the Infundibular organ of the 

Amphioxus (a). Bipolar ganglion 

cell of the nucleus pracopticus 

magnocellularis of the fish and 

amphibian (b). 

(R) After Olsson (1956). One row 
of cells producing CHP posi- 
live substance. 

(a) Juvenile subcommissural cell. 


(b) Flexural celly (flexural organ, 
Olsson). 


(c) Subcommissural cell. 

(dì) Cell of infundibular organ. 

(eg) Neurosseretory cells (Nu- 
eleus prasopticus) 

(C) After Hanstrom (1954). 
Figure of ordinary nerve cella 


(a) Ordinary nerve cell with den- 
drites and axon with very 
small quantity of noradrena- 
lin/acetylcholine. 


(b) Neurosecretory cell with 
ea granules or 
droplets in the perikaryon. 

(c) Neurosecretory cell with trans- 


(d) — type without den- 

(D) After E. Scharrer (1952). 
——— of — 
nerve cell. 


(a) Internuncial neuron. 
(b) Neuroseretory cells of the 


am Diepen (1962). 
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These celis functionate as a ventricular sense organ. Kuhlenbeck says since 
it is located in a topologie neighbourhood corresponding to the mammillo- 
infundibular or posterior hypothalamic region of vertebrates, the infundibular 
organ, regardless of its dubious function, might be evaluated as kathomologous 
to the Craniote Vertebrate neurohypophysis or to the succus vasculosus of 
Fishes or to a topologic neighbourhood providing a common configurational 
origin for both. A preoral pit in the roof of the oral cavity (Hatschek’s pit), 
located to the right of the notochord, could represent a kathomologon of the 
crapiote vertebrate adenohypophysis”. 


Olsson and Wingstrand(1955) found Reissner's fiber to originate from the 
infundibular organ and thus it “seems analogous but certainly not homolog us 
to the subcommissural organ of vertebrates.” 


Olsson and Wingstrand(1955) noted Gomori-positive granulstions in neuro- 
ectodermal cells and this is an indicalion of secretory activity. They thought 
that the hypothalamo-hypophysial neurosecretory system of the vertebrate is 
derived from the infundibular organ of Amphioxus. Kuhlenbeck(1975) says 
that such secretory activity can be found in different regions of the vertebrate 
neuraxis. He concludes that “Amphioxus does thus not display any con- 
figuration structurally comparable to the hypophysial complex of vertebrates, 
although, in a very general way, the topologic neighhourhoods corresponding to 
that complex are, of course, included in the overall bauplan obtaining for 
Branchiostoma”, 


Reissner's fiber is situated in the basal portion of the central canal of the 
spinal cord. A sort of filum terminale is situated at the caudal portion of the 
spinal cord having only ependymal wall. The Reissner's fibre terminates in 
this hollow filum with a caudal mass. Olsson(1955) did not find a posterior 
neuropore in the Amphioxus (larval and adult). In petromyzon the terminal sinus 
of the spinal cord opens through a neural pore. The caudal mass of Reissner's 
fibre protrudes through this into the surrounding tissues. 


Reissner’s fibre arises from the subcommissural organ in almost all verte- 
brates except in Amphioxus where it starts from the infundibular organ. “At 
embryonic stages of the Teleosts Salmo and Esox (and perhaps also at comparable 
stages of the Cyclostome Petromyzon and the Amphibian Xenopus), Olsson (1956) 
found Reissner's fibre to arise not at the subcommissural organ, as in the adult 
animals, but at a secretory ependyma of the mesencephalic floor, which the 
cited author designates as the flexural organ.” 
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The typical ependymal cells lining the upper part of the third ventricle are 
cuboidal, and maintain uniform size and arrangement. These cells have kino- 
cilia and microvilli. The cells are connected by zonulae adhaerentes and zonulae 
occludentes. Mitochondria are located near the basal bodies of the cilia and 
in the area in between the nucleus and the apical ventricular surface of the 
cell, Endoplasmic reticulum in an organized way is not present, Ribosomes 
are noted in clusters and very rarely they are found near the membranes. 


Functions of typical ependymal ceils— ‚ 


(1) The cilia of the cells impart current by movement and thereby help in the 
rapid movement of cerebrospinal fluid. 


(2) The cells are great sources of CS F 


(3) These cells possess the capacity to absorb. Active transport mechanism is 
well known by the fact that fluorescein—tabeled protein can break through 
the ependymal barrier (Klatzo er al., 1964). Brightman(1965) noted that 
ferritin injected into the C S F can cross the ependymal layer probably 
through the intercellular spaces. 


In the rat these cells line the inferior wall of the third ventricle and there 
are multiple layers of such cells in the infundibular recess. They are irregular 
in shape and the size varies greatly. There are protrusions from the cells 
towards the ventricular cavity. Filamentous structures of variegated shape and 
distribution are also noted, The filaments or basal processes penetrate deeply. 
Bleier(1972) said that the processes extend into all areas and cell groups of the 
medial hypothalamus and they are most numerous in the dorsomedial, ventro- 
medial and infundibular (arcuate) nuclei and the area of the tuber cinereum, 


“The ependymal processes assume a variety of forms, lengths and calibers. 
They may be slender and smooth, beaded or knobby. Some divide or have 
branches which may be slender and perpendicular to the main process or short 
and tortuous; others appear to be unbranched. Many are covered either pro- 
fusely with spinous processes which also vary in length and foım; some are 
delicate and hair-like; others are knobby or bear end-bulbs. Often a number of 
types was seen in a single section and entering the same cell group. It was not 
possible to correlate any ependymal types with particular species or with any 
particular cell groups or area, except the median eminence”. 


Different types of intricate relationships between the ependymal processes 
Gale ene ers W/O: OL geek Bee a 
Processes or side branches: encircled cells and formed calyces, claws, and net- 
hl ery a Many tanycytes send loops, end-feet, and networks 
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end-branches form tufi of short processes having flattened tips which abut 
against the walls of fine capillaries or sinusoids situated between the infundibular 
part of the neurohypophysis and the adenohypophysis (a part of the hypophysial 
portal system). Some ependymal processes end on walls of the capillary loops 
which extend vertically from the interface zone into the infundibular wall. 


SPIDER CELLS IN INFUNDIBULAR NUCLEUS (BLEIER, 1972) 


These cells are exclusively noted in the. infundibular nucleus. With the 
Golvi-Cox technique these cells have a long, thick, irregularly shaped body and 
multiple short tortuous processes. Many short branches arise from the processes 
and they surround near-by neuronal cell bodies. The cells lying near the 
ependyma send stout straight processes extending into the ventricular surface of 
the ependymal layer. Occasionally ordinary pyramidal-shaped neurons have 
been noted in the nucleus. Bleier(1972) stated that, “their microglial shape 
and their infundibular location both within the ependymal layer, adjacent to it 
but connected with an end-foot process, and also at some distance from the 
ventricle suggest a more mobile cell engaged in transport of material between the 
neurons and ependyma of the arcuate nucleus and the cerebrospinal fluid." 


Brawer(1972) studied the fine structure of the ependymal tanycytes at the 
level of the arcuate nucleus. The apical membranes of these cells are charac- 
terized by a lack of cilia and by numerous microvilli. There is extensive inter- 
digitation of the apical lateral membranes, and the junctional complexes between 
adjacent apical lateral membranes often lack maculae occludentes. Large Golgi 
apparatus is noted. The endoplasmic reticulum is principally smooth. Small 
paraxially oriented mitochondria have been found in the tanycyte processes. The 
processes also contain plenty paraxial microtubules as well as lipid droplets and 
accumulations of smooth endoplasmic reticulum in the form of concentric rings, 
Some of the tanycytes abut against the capillanes in the arcuate nucleus. ‘These 
pericapillary ependymal sheaths have irregular inclusions of different densities. 
The ependymal tanycytes act as secretory cells engaged in hypothalamic control 
of the anterior pituitary gland. 





— 
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primary plexus or vessels surrounding the ventromedial nucleus. They suggest 
that the ependymal cells are involved in the adenohypophysial regulation by 
merit of their transport capacity. 


Median eminence, neural lobe, pineal body, the subfornical organ, the 
organum vasculosum of the lamina terminalis (O.V.L.T.) and the area postrema 
are specialized areas which are known as circumventricular organs (CVO) of 
the vertebrate brain (Hofer, 1958, 1965). Special barrier properties and 
evidences of neuroendocrine activity have been noted in some of the CV O'S. 
The OV L T is situated in the center of the preoptic region which controls 
synthesis and release of gonadotrophin-releasing hormones in medial basal 
hypothalamus and median eminence. 


Weind! and Joynt(1972) observed that external (superficial) and internal 
(subependymal) capillary network are present in the O V L T of rat, rabbit, cat, 
squirrel monkey and Rhesus monkey as in the median eminence. The subfor- 
nical organ shows tortuous capillary loops. Special angioarchitectonic pattems are 
less obvious in pineal body and area postrema. Lowest degree of capillary density 
has been noted in the subcommissural organ. They said, “like M E and neural 
lobe, the O V may be regarded as a potential site of release of neurohormones. 
From the relatively small number of neurosecretory elements observed in the 
O V it does not appear likely that the hormone of the O V js released into the 
general circulation. Compared to the considerably larger quantities of neuro- 
secretory material released from the neural lobe of the pituilary the dilution 
factor would appear too high. Although a portal relationship may be inferred 
from these morphological data, no subs‘antial evidence is presently available in 
support for it”. 


The ependymal cells in M E and O V have some cytological features in 
common. The non-ciliated ependymal cells have long basal processes and these 
are rich in microfilaments and they are apposed to the peripheral basal lamina 
of the perivascular space. “The abundant amount of microfilaments in the 
long ependymal processes may be necessary to provide a mechanical skeleton. 
Although transport is made very suggestive by this conspicuous structural link 
between two fluid phases, the occurrence of similarly structured long ependymal 
processes in the spinal cord (Oksche, 1971) does not support the transport hypo- 
thesis. Microtubules which have been inferred as mediators of axonal trans- 
port in neural cells are not found in these ependymal processes”. 


Scott et al,(1972) investigated the mammalian — eminence. They 
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“Intermediate range D C V, large osmiophilic neurosecretory vesicles and junc- 
tional structures between the apical plasmalemma of ventricular ependyma were 
selectively opacified with such reagents E - P T A and BI U L which suggests 
the presence of certuin basic amino acid residues. The presence of dense inclu- 
sions harbored in ependymal perivascular end-feet as well as unique ultra- 
structural alterations of their ventricular apices had lead to discussion of their 
potential participation in basic neuroendocrine events”. 


Kobayashi(1972) studied ependymal absorption in higher vertebrates. The 
eperdymal cells of the median eminence of the rat, mouse and quail can absorb 
peroxidase injected into the subarachnoidal space or the third ventricle, “The 
ependymal cells have a capability to absorb the ventricular fluid and send it to 
the terminals of their processes. From these findings it is likely that the 
ependymal cells of the median eminence absorb the ventricular fluid and send 
it to the terminals of their processes, and then they secrete substances in the. 
fluid into the connective tissue space. In this way the substances may reach the 
adenohypophysis.”’ 


Rinne(1972) obtained results after bilateral adrenalectomy in rats which 
support the view that the aldehyde-fuchsin-staining substance and the large granular 
vesicles might be engaged in the neurohumoral control of corticotrophin secretion. 
He could not however, find any evidence for the monoamines in the tubero- 
hypophysial system to play a role in this process. The large granular vesicles 
might act as storage site of C R F and might be the subcellular structures 
corresponding to the aldehyde-funchsin-staining substance in the median 
eminence. 


Wittkowski and Bock(1972) said that, “The diameter of the Gomori-positive 
elementary granules in the zona externa under experimental conditions is, thus, 
seen to be extremely variable. The size of the elementary granules of the 
zona interna, however, is never attained. Thus, our findings support the 
assumption that different hormones and their carrier substances are concerned— 
oxytocin and vasopressin in the zona interna and the C R F in the zona 
externa.” 


_ Leonhardt and Eberhardt(1972) noted dye transport from the median 
eminence to the hypothalamic wall, 


"Rodriguez(1972) said that “the histological study clearly shows that most 
vmal cells of the median eminence are interposed between the C S F and 
_ possibility that they may perform a transport function. The fact that these 


` 












18 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


within tubular formations of these cells might indicate that some of the substances 
being transported are monoamines or related compounds.” 


Lofgren(1959 a, b), Leveque and Hofkin(1961), and Wittkowski(1968) 
noted various forms of secretory-like materials in selected regions of the third 
ventricle. Colloid-like substance staining faintly blue with paraldehyde-fuchsin 
was noted by Lofgren(1959 a) This substance was thought to be originating 
from inside the ependymal layer and was maximally present in those nuclei 
subjacent to the ependyma. Lofgren(1959 b) noted varying amounts of foam- 
like substance in the infundibular recess of the rat. This substance was, not 
Gomori-positive. It stained very faintly with paraldehyde-fuchsin or chromealum- 
haematoxylin-phloxin but stained strongly with Bodian-methods, This material 
is Of a secretory nature and composed of thinwalled vesicles of different sizes. 
The vesicles are arranged in rows on the ventricular floor or piled high so that 
the ventricular lumen takes up honey-comb appearance. The vesicles contain 
amorphous granules. This material apparently came from the hypothalamic 
nuclei and passed through the ependyma into the infundibular recess. He 
found that, “In the nuclei of tuber cinereum is an abundance of extra-as well 
as intracellular secretory material. The accumulations of the extracellular 
secretory material is particularly abundant subependymally”. Schector and 
Weiner(1972) found that in control rats the floor of the third ventricle is 
smooth surfaced and there are few microvilli or other irregularities. Bleb-like 
protrusions are plenty in the lateral recess and the surface is more irregular. 
Many protruding processes at the ependymal surface of the ventricular floor are 
found within five minutes of intraventricular injection of epinephrine or dopamine 
and it looks very irregular. There are also plenty of pinocytotic vacuoles, 
coated vesicles and microvilli. and cytoplasmic protrusions. These structures 
were not noted in the roof of the lateral recess or in nearby areas. These 
effects persisted for 15 minutes afıer injection of epinephrine or dopamine, 
The authors suggested that the ependymal layer takes part in the BETH of 
materials into C S F. 


Intraventricular administration of dopamine in male rats gave rise to quick 
release of L Hand F S H (Porter ef al, 1972). A decrease in prolactin release 
takes place. With small doses of epinephrine or norepinephrine there was no modi- 
fication in L H, F S H or prolactin release. Larger doses stimulated L H and 
F S H release but prolactin secretion was inhibited. Kamberi ef al.(1970) 
observed inhibition of L H release after serotonin and melatonin. Kamberi 
et al.(1971) observed inhibition of F S H and stimuletion in the release of pro- 
lactin. Cells which are activated by dopamine are not situaied near the primary 
a "ag aca et al, 1972). 
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noted beween the premamillury recess of the third ventricle, into the dorsal 
labium and to each of the lateral labia. 


Barry er al.(1973) could localize L H—R H containing perikarya in the 
hypothalamus of the guinca pig by immunoreactive technique. The animals 
were treated with colchicine. These cells were located in a vast area extending 
from the preoptic and septal regions io the caudal part of the tuber cinereum. 
Maximal distribution was found within + I mm of the midline plane. These 
immunoreactive cells were found in the dorsal and medial septal nuclei, medial 

nd median preoptic nuclei, anterior hypothalamic nuclei and in the premammil- 
lary region, This part corresponds to the hypophysiotrophic area and extending 
inio septal-arcuate region. 


L H—R H has been detected in ependymal cells and in axons within the 
median eminence, in close proximity to the basal processes of tanycytes. 


Baker and Yu(1976) observed the distribution of growth hormone-release- 
inhibiting hormone (somatostatin) in the rat brain wing the peroxidase—anti- 
peroxidase immunocytochemical method with antisera prepared against unconju- 
gated, synthetic somatostatin. Low quantity of somatestatin was found in the 

. organum vasculosum of the lamina terminalis. It was present in the full length 
of the median eminence and occupied the entire width between the tuberoinfun- 
dibular sulci. Most somatostatin was located in the dorsal portion of the externa! 
lamina with variation according to mediolateral position. The bodies labelled 
for somatostatin were most often granules, Sometimes they were in cluvers 
which seemed to be membrane-enclosed. Some of these bodies appeared to be 
axons. Many of the large bodies were alongside tanycytes, but no label was 


distributed in tanycyte cytoplasm. 


Somatostatin was highly concentrated in the proximal 1/4rh of the infundi- 
. bular stem and appeared in low concentration throughout the distal portion of 
the stem. Pars nervosa and pars intermedia was devoid of it. The distribution 
pattern in in the median eminence was considerably different from that of gonado- 
trophin- releasing hormone. “Somatostatin was indentified in the ventromedial! 
and / or dorsomedial hypothalamic nuclei of only two animals. Here it was 
probably located in axons that terminated on neuronal cell bodies but also may 

have been preseni in a restricted portion of the perikaryonal cytoplasm.” 


= Mitchell(1975) concluded that, “The hypothesis that tanycyte ependyma 
transports substances between the C S F and the hypophysial pcrtal system and 
may thereby be instrumental in the regulation of the adenohypophysis is suggested 
by an abundance of data. Among the anatomical findings may be cited ; 
AK Rune: ee of tanycytes: i. possession of apical protrusions 
lizat nycyte primarily to the infundibular recess, (3) the presense of 
Samen _electrondense vesicles and other inclusions suggestive of 
n, and finally, (4) the presence of secreiory-like materials both 
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within the infundibular recess and between tanycyies. To this morphologic data 
may be added that bearing on the physiology of tanycytes, specifically: (1) the 
capacity to transport peroxidase and more particularly various steroids, and 
(2) the transitory response of apical projections to catecholamines. 


Changes in the morphology of the ependymal cells in relation to changes in 
reproductive state have been observed in the Skunk by Hagedoorn(1965) and in 
the ferret by Jones(1967) and in the Rhesus monkeys by Knowles and 
Kumar( 1969). . 


Knowles and Kumar(1969) studied the ependyma of the third veniricle of 
monkeys (both sexes and different ages) and in females at different stages of 
the menstrual cycle, afier ovariectomy and after oestrogen treatment, 


McKenna and Rosenbluth(1974) found catecholamine-containing cells border- 
ing the infundibular recess of the toad hypothalamus. These cells could discharge 
catecholamines into the infundibular recess and thus effect the release of L R F 
from axons in the median eminence. From the evidences put forward it seems 
that the cells are sensory. Their ideal position allows them to respond to 
hormones in the ventricle and thus they are receptor cells which are able to 
relay information about the C S F to the neurons where they form synaptic 
contacts. “Specifically, their function could be to detect changes in ventricular 
hormone levels and in tum stimulate either directly or indirectly L R F-producing 
cells through their somato-dendritic contacts. The axons innervating them could 
serve to modulate the sensitivity of the cells to a degree that depends on the 


surface, No supraependymal cells bodies could be seen over the AP proper. In 
TEM preparations the AP was characterized by blood vessels with distinct 
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got the chemoreceptive function. The authors considered the possibility of 


functions in addition to emetic chemoreception, Other functions of AP are a3 
follows. 


(a) It may have a secretory or blood flow control function 
(b) AP was the central site of action for angiotensin. 
(c) AP may act as a sensor for monitoring the serotonin (5-HT) system. 


s “the possibility that ihe AP may monitor 5-HT produced by the 
supra- and subependymal 5-HT plexus becomes increasingly interesting 
with the recent demonstration of horseradish peroxidase penetration 
into the CNS areas around the circumventricular organs.” 


Bleier(1977) studied the ultrastructural features of the ependyma and 
supraependymal cells of hypothalamic third ventricle of the mouse in the region 
medial to the dorsomedial and ventromedial nuclei and dorsal part of infundi- 
bular nucleus. Animals in different phases of the estrus and reproductive cycle 
were used. Different ependymal cells have different functions and the hypo- 
thalamic ependymal layer as a whole reflects in its morphology the changing 
metabolic states of the animal. The features suggested a dynamic relationship 
between ependyma and csf. Relations between tanycyte processes and neuropil 
have also been. described. Many of the supraependymal cells are macrophages. 
In some cells there were bizarre mitochondrial profiles associated with Golgi, 
endoplasmic reticulum, lysosomes and lipid droplets (GEROL and LERL). 


“It is suggested that phagocytic supraependymal cells are engaged in process- 
ing the debris that results from changing metabolic adiivities, including secretion 
and exocytosis, blebbing and necrosis, of ependymal cells and also in the ingestion 


of foreign particles invading csf or ependyma’". 











CHAPTER 2 


DEVELOPMENT OF THE PITUITARY PORTAL VESSELS AND 
CELLULAR DIFFERENTIATION OF THE ADENOHYPOPHYSIS + 


Glydon(1957) described the development of the hypothalamo-hypophysial 
vascular system in the rat. Enemar(1961) described them in the mouse. 
Terneby(1972) described the same in the rabbit. Halasz er al.(1972) described 
the ontogenesis of the neurovascular link between the hypothalamus and the 
anterior pituitary in the rat. Ultrastructure of the median eminence of neonaltal 
and adult rats was studied by Monroc ef al.(1972), Dearden and Holmes (1976) 
Sudied the cyto-differentiation and portal vascular development in the mouse 
acenohypophysis. 


Enemar(1961) noted in the mouse that the superficial plexus appeared 15-16 
days posicoitum (p.c.). At 16 days p.c. the short portal vessels appeared and 
there was internal vascularization of the pars distalis. Long portal vessels and 
superior hypophysial artery appeared be.ween 18-19 days p.c. Inferior hypo- 
physial artery appeared at | day postnatum (p.n.). At the same period deep 
capillary loops also appeared. The tangential plexus was noted at 4-7 days p.n. 
The superficial capillary loops appeared at 9-21 days p.n. 


Glydon(1957) observed the superficial plexus at 19 days p.c., short portal 
vessels at 21 days p.c., internal vascularization of the pars distalis at 16 days 


pc.. and the deep capillary loops at 5 days p.n. in the rat. 


Terneby(1972) noied the time of appearance of the following in the rabbit 
as follows: The superficial plexus (19 days p.c.), short portal vessels (21 days 
p<.), internal vascularization of the pars disralis (16-17 days p.c.), long portal 
vessels (22-23 days p.c.), superior hypophysial artery (17-18 days p.c.), *— 
hypophysial artery (21 days p.c), > capillary loops a * — al 

sa capillary — ys P<). 
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Dearden and Holmes(1976) described the adult hypothalamohypophysial 
vascular complex of ithe mouse, It consists of a network of capillaries situated 
on the surface of the median eminence and the caudal infundibular sulcus. The 
superficial and deep capillary loops start from ‘the capillary network. The 
superficial loops enter imio the exiernal layer of the median eminence and come 
back to the superficial plexus. The deep capillary loopd enter into the interme- 
diate layer and have anastomoses with nearby hypathalamic vessels. They 
form a subependymal or tangential plexus and then drain into the superficial 
piexus, The primary plexus is formed by (1) superficial plexus (2) superficial 
capillary loops and (3) deep capillary loops, The oral part of the primary 
plexus is situaied on the median eminence and the aboral part is located in tho 
caudal infundibular sulcus. The feeding arteries of the superficial plexus are : 
two superior hypophysial arteries which arise from the internal carotid artery 
and distribute to the oral par. of the primary plexus; two arterial branches start 
from the pos.erior infundibular artery and supply the aboral plexus; one branch 
from the posterior communicating artery supplics the caudal part of the aboral 
plexus. There are about fifeen short portal vessels which supply the pars distalis 
and ıhey come from the caudal par. of the oral plexus and aboral plexus. Five 
long portal vessels start from the anterior oral plexus. Direci arterial supply 
from the branches of superior and inferior hypophysial arteries to the pars 
distalis has been observed by the authors. Venous drainage from the lateral 
side of the pars distalis is by two or three small veins into the cavernous sinus 
and the postero-inferior part drains into the inferior hypophysial vein. 


_ The authors found three groups of PAS positive cells in the pars distalis of 
the mouse. The distribution patern is similar to that noted by Purves and 
Griesbach (1951) im the rat. The round cells are mainly LH gonadotrophs. 
FSH gonadotrophs are oval cells. Polygonal cells are mainly thyrotrophs. The 
cytodifferentiation of these cells depends on the internal vascularization of the 
pars distalis. Differentiation of PAS positive cells occurred from chromophobic 
. cells. Ultrastructurally granulated cells were noid at 16 days p.c. and they 

could be identified as FSH and LH gonadorrophs, thyrotrophs and corticotrophs 
| at 17 days p.c. There is an incrcase in the release of FSH, LH, TSH and ACTH 
sat 17-18 days pc. and a decrease on 19 days pc. to I day p.n. Vacuolated 

‘somitotrophs were noted in peripheral par; of the pars distalis at 19 days p.c. to 

= ldaypn. In the central par: of the pars distalis, during the same period ‘here 
a Mi ie ee Lan FP 


i Nestea.» ‘The authors further found that the number of secretory cells increased 

























1-10 days p.n. with a diminution in the number of chromophobes. This 
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caliy, the median eminence of a new born rat is almost identical with the adult. 
Kobayashi er al.(1968) studied the ultrastructure of the developing median 
eminence in rats. Halasz et al;(1972) noted the differentiation of the anterior 
lobe cells in the rat to occur after the development of the hypothalamo-hypo- 
physial connections. The foetal pituitary cells of a 16 or 17 day-old foetus is 
undifferentiated ultrastructurally. From the 18th day of gestation the agranular 
cells start granulating. The developmental orientation of these cells cannot be 
identified. The granulated cells increase in number with the increase of age. At 
22 days of gestation the appearance of ‘the pituitary cells is reminiscent of the 
adult. Yoshimura er al.(1970) had similar observations. e 


Monroe et al.(1972) while studying ultrastructure of the median eminence 
of neonatal and adult rats observed that the contact between primary capillaries 
and the endings of tubero- infundibular axons in the median eminence was 
essentially obtained in the newborn rat and this neurohaemal contact was seen 
to exist along the surface of the median eminence at birth. Before the estab- 
lishment of penetrating capillary loops this contact is formed. The neonatal 
median eminence is structurally immature. The neural layer is practically 
avascular except the surface. Therefore the axonal contacts which are small 
in number, are only noted in relation to superficial primary capillaries. The 
palisade zone opposed to the pericapillary area has no store of dense core vesicles 
which characterize this zone in adults. Mature pattern of ependymal—axonal 
relations has not yet achieved. They further state, “Therefore, while the struc- 
ture of the median eminence of the neonatal rat provides the basis for some 
hypothalamic influences to be conveyed to the pars distalis, further morpholo- 
gical maturation may well be required before the median eminence can play its 
full role in neuroendocrine events.” 


Hypothalamohypophysial portal vessels in different animals 


Different ways by which pituitary portal vesscls have been studied are as 
follows :— 
(a) Dissection and the study of serial sections of human specimens (Popa 
and Fielding, 1930). 
(b) Serial sections of the median eminence and pituitary region after intra- 
vascular injections of india ink (Wislocki and King(1936) in rabbit, cat 
and monkey ; — in sia — De: 
by light micros "ter neoprene latex injection for dar ca 
the vascular org — et al.(1954) ; Daniel and | Prich: 
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(e) Vascular casts of injected specimens have been studied with the scann- 
ing electron microscope to have a 3-dimensional concept of the extent 
and topography of the primary plexus and also to have a good depth 
of field and resolution (Page and Munger, 1975; Lameischwandtner 
und Simonsberger, 1975; and Page ef al, 1976). 


Page et al.(1976) studied the pituiiary vascular casts by scanning microscopy 
in rabbits. Page and Bargland(1977) prepared vascular casts in the mouse, 
rat, dog, sheep and monkey and examined them under the scanning electron 
microscope. 


It was observed that a common vascular bed was shared by the infundibulum 
(median eminence), infundibular stem and infundibular process (neural lobe) 
when the pituitary-median eminence cast was viewed from above. 


In the rabbit the hypothalamus is situated above the posterior cerebral 
arteries and hypophysis is situated below. 


The median eminence of the rabbit is supplied by superior hypophysial 
arteries which arise from the paired internal carotids, the anterior carebral and 
the posterior cerebral arteries. The median eminence is encircled by the superior 
hypophysial arteries and they approach it from above. In smaller branches 
they enter into the depth of the hypothalamus and join the capillary plexus of 
the median eminence from within. A series of parallel ascending vessels com- 
prise the vascularity of the hypothalamus. 


Infundibular stem 


The anterior hypophysial artery starts from the vertical segment of the 
internal carotid artery proximal to its bifurcation. It proceeds backwards over 
the lateral surface of the pans distalis but does not supply the glandular pituitary. 
A branch from the anterior hypophysial artery enters the cleft between the 
zona tuberalis and infundibular stem al the level of the latter one. 


The infundibular process supplied by the paired inferior hypophysial 
arseries which arise from the horizontal portion of each external carotid artery. 
Branches of each inferior hypophysial artery proceed in a dorsomedial direction 
and afier anastomosis they form a ring about the neurohypephysis. A branch may 
penetrate the dorsal part of the infundibular stem. Branches of the anterior 


hypophysial artery may also contribute to the formation of the aformentioned 


The vessels of the floor of the median eminence are capillary loops having 
a lumen diameter of 80 p. A reticular network of small capillaries having a 







lumen diameter of 10 u is seen in the walls of the median eminence. These 
 correspon« to the mantle plexus of Romeis or the surface network of Duvernoy. 
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capillaries drain into long portal vessels which descend on the surface of the 
zona tuberalis and then break up into secondary plexus within the pans distalis, 
The external plexus extends from the walls to the floor of the infundibulum 
(median eminence). In the floor of the infundibulum the external plexus is 
situated between the internal plexus of capillary ioops above and vessels of the 
zona tuberalis below. It is not superficial in this situation. The external plexus 
does not get a direct artery supply within the floor. This is achieved through 
ts continuity with the external’ plexus of the walls having its artery supply at 
the rim of the infundibulum. Additional system of confluent capillaries extends 
between the median eminence and the glandular pituitary. Posteriorly. the 
extemal plexus forms portal vessels which enter the pars distalis after bridging 
the cleft in the adenohypophysis below. 


The internal plexus correspond to the deep network of Duvernoy. In the 
anterior and lateral walls vaseular coils have been noted. There is a central- 
ære vessel upom which there are coils of smaller vessels. In some cases these 
spiralling vessels join the central core vessel at the top. They start from 
capillaries of the external plexus. The central core vessel enters info a large 
portal vein. 


“In the floor, anterior to the underlying vascular cleft, vascular spikes, 
rather than coils, form the internal plexus. Such spikes arise from the external 
plexus, ascend for a distance of abou’ 200 u, then turn, and retrace their course 
back to the external plexus of the floor. In some instances, complex arboriza- 
tions occur at the apex, whereas in others the apex consists of a hairpin turn. 
The two limbs of a spike are of equal luminal! diameter. Shunts may be present 
between the two limbs”. The internal plexus hus a broad vascular surface 
which appose the third ventricle within the floor of the median eminence. 
Direct arterial supply has not been noted by the authors to the vascular coils 
or spikes of the internal plexus. Instead, the supply is from the external 


plexus, 


A confluent capillary network is noted supplying the infundibulum, infundi- 
bular stem and infundibular process. Continuity has been noted in between 
the capillaries of the posterior infundibular wall and the infundibular stem. 
There is an avascular cleft which is bounded anteriorly by zona tuberalis, 
posteriorly by pars disialis, and superiorly by vessels of posterior infundibular 
floor. The primary plexus of the median eminence can be divided into external 
and internal plexus anterior to the avascular cleft. But it is difficult to get such 
a division posterior to the cleft. Vessels of the walls join with the vessels of 
the floor in the posterior median eminence and are continuous with vessels of the 
infundibular stem. 
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Venous trunks receive blood from infundibular process and pars distalis 
and drain into sinuses about the posterior part of the pituitary, 


Arteria! supply to the rabbit pituitary is only to the neurohypophysis A 
direct supply to the adenohypophysis was not found by the authors. 


Flow of blood may be from the median eminence towards the infundibular 
process (anterograde) or from the infundibular process towards the median 
eminence (retrograde). Törok’s reversal of flow could occur within the neuro- 
hypephysis as there is a vascular route by which neurohormones released in the 
infundibular stem and process could enter into the long portal system and thus 
into the pars distalis. The short portal system could provide the second route. 
The authors state that, “Thus the entire neurohypophysial capillary bed could 
serve as the final common pathway to the glandular pituitary.” 


Page and Bergland(1977) studied vascular casis of the pituitary -median emi- 
nence complex of mice, rats, dogs, sheep and monkeys with the scanning electron 
microscope. Microfil-injected specimens of the rabbit and monkey pituitary 
-median eminence complex were examined by light microscope after intracranial 
internal carotid artery occlusion. A common neurohypophysial capillary net- 
wok, in each species was found uniting the median eminence, the infundibular 
stem and the infundibular process. This capillary network is supphed trom 
above by superior hypophysial arteries and from below by inferior hypophysial 
arteries. In some Species, an artery to the infundibuiar stem was found. 


Flow through superior hypophysial arteries did not occur when the intra- 
cranial internal carotid arteries were occluded. Yet the whole of the neurohypo- 
pbysial capillary bed filled upon injection with Microfil. These observations 
suggest, “the concept of a restricted artery supply to the median eminence with 
drainage to the underlying adenohypophysis on one hand and to the infundibular 
process with drainage to the Systemic circulation on the other must be modifred 
and that blood flow within the — — capillary bed(between infundi- 
a process and median eminence) occurs 


Mose and ra — oe % 


The capillary network was reticular and it lay exposed on the dorsum of 
he cst An avascular zone, travarsed by short portal vessels, separated vessels 
bular stem and process from those of adjacent pars distalis. 
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curohypopbysial capillary network was noi exposed on the dorsum of 


carotid arteries coursed. through the cavernous 
i the nenret lobe. . 


{he pituitary median — vascular cast. Superior hypophysial arteries 








28 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Monkey 


The reticular neurohypophysial capillary bed was common to the median 
eminence, infundibular stem and infudibular process. This was exposed on the 
surface of the cast. Superior and inferior hypophysial arteries supplied this 
capillary bed from above and below. Infundibular stem artery was inconsistently 
noted, 


Sheep 


The artery to the infundibular stem was found consistently. It started from 
the carotid rete within the cavernous sinus similar to the inferior hypophysial 
arteries. The superior hypophysial arteries s’arted from the reconstituted carotid 
arteries after they had entered the cranial vault. 


Filling of the rabbit pars distalis was markedly reduced after intracranial 
occlusion of both internal carotid arteries proximal to the starting of the superior 
hypophysial arteries. Some filling of microfil within the median eminence was 
found as had filling along the dorsum of the specimen in the neurohypophysial 
capillary network. 


Monkey 


Intracaro‘id injection of microfil showed good filling of the pituitary median 
eminence complex. Whole of the neurohypophysial capillary bed filled up 
when in cranial carotid occlusion was done. There was scanty filling of 
‚the pars distalis. Filling of the infundibular process, sem, median eminence 
and some long portal vessels also occurred. 


An avascular cleft separates the reticular neurohypophysial capillary 
bed within the infundibular siem and process from the nearby, linear adenohypo- 
physial capillary bed. This cleft is noted in the rabbii, mouse, rat and dog and 
it is bridged by short porial vessels. It is the site of pars intermedia, 


From the above it is evident that the confluent neurohypophysial capillary 
bed received arterial blood supply from different sies and thus flow of blood 
may be variable and the authors state that, “Blood flow from the infundibular 
stem towards the infundibulum may occur in livi 
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favour flow within the neurohypophysial capillary bed toward the infundibulum 
where blood may exit via capillary connections to the hypothalamus (Bergland 
and Page, 1977) or via portal vessels and capillary connections to the adenohy- 
pophysis.” 


Alterations in the direction of blood flow within the reticular capillary net- 
work may also take place due to— 


(a) differences in arterial perfusion pressure between several sites of arterial 
supply to the capillary bed. 


(b) changes in physical and chemical environment. 


(c) “The carotid siphon effecively elongates the distance between the 
origin of the inferior and superior hypophysial arteries, suggesting that 
the arterial pulse wave will arrive at the inferior hypophysial arterics 
prior to its arrival at the superior hypophysial arteries. Such obser- 
vations suggest that differences in the rate of flow or perfusion pressure 
may exis! in vivo between sites of arierial supply to the neurohypophysial 
capillary bed.” 


The au‘hors suggest that reversal of flow does occur in vivo “and that blood 
flow within the neurohypophysial capillary bed from infundibular process to 
median eminence provides a means to deliver neurohormones to the glandular 
pituitary and 10 the brain.” Page and Bergland(1977) described the pituitary 
vasculature wherein they have stated that the venous channels draining the 
adenohypophysis are less, whereas those of the neurohypophysis are plenty. A 
reversal of blood flow may take place within the short portal system between 
the adenohypophysis and the neurohypophysis. In this way they could help 
the venous drainage of the adenohypophysis. Adenohypophysial hormones 
could reach the neurohypophysial capillary bed before emptying into systemic 
veins and thus a short feedback loop may operate. 


The authors conclude that “the neurohypophysis is more than a transducer 
converting vleirical signals to chemical messengers. Its capillary bed may actively 
and — devermine the destination of both hypothalamic and pituitary 
conveying s to the glandular pituitary, others to distal target 
| yet others to the brain.” 


* Olier et al.(1977) investigated the reirograde transport of pituitary hor- 
ir in the pi:ui'ary stalk vasculature in anacs’hetised male rats in which the 
BB wes iat and Ke aiiimals in which the eitirior ph posterior 
y, OF ein ‘pituitary gland had been removed 30 to 60 minutes before use. 
re, ne pears ta | 
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times that noted in the arterial plasma. In anterior lobectomized rats there was 
great depression in the concentrations of LH, TSH, prolactin and ACTH. a-MSH 
was moderately decreased. The concentration of vasopressin was unaffected, 
After posterior lobectomy there was no change in LH and TSH but a marked 
decrease was noted in prolactin, ACTH, a-MSH and vasopression. All the 
hormones in hypophysectomized animals were greatly reduced. 


The authors postulated the hypothesis 


(a) that retrograde transport of pituitary hormones occur in ceglain 
vascular channels of the pituitary stalk toward the hypothalamus 


and (b) that pituitary hormones in the retrograde vasculature can reach blood 
in the long portal vessels going to the anterior pituitary, possibly by 
diffusion involving a countercurrent mechanism. 


Arierial blood is delivered to the ventromedial hypothalamus by the superior 
hypophysial arteries, to the pituitary stalk and pars nervosa by one and some- 
limes two peduncular arteries, and to the pars nervosa by the inferior hypophysial 
arteries. The long portal vessels supply blood to the pars distalis. Venous 
drainage is into the sinus around the gland. A vascular pathway for retrograde 
blood flow exists. In vither the pituitary stalk or ventromedial hypothala- 
mus Or in both regions, hormones passing in a retrograde direction in the stalk 
enter the blood in the long portal vessels. The authors could not be certain 
whether this retrograde passage was effected by diffusion beiwcen capillaries, 
through direct vascular connections or by both processes. 


Duvernoy(1972) studied the vascular architecture of the median eminence 
in numerous species including birds, mammals and man. The following review 
is from Duvernoy’s description in 1972. 

The median eminence is vascularized by the dense capillary network of the 
primary plexus. The primary plexus is formed by two intricately linked vascular 
systems: the surface network and the deep network. The surface network is the 
Mantel-plexus of Romeis(1940) and covers the surface of the median eminence: 
It is covered by the pars tuberalis, The surface network is made up of capillaries 

-arierioles: u ‘ving the 





with a dense but irregular mesh-like structure where pp 
network and portal vessels drainage from this network are also found S 
the meshes enter a litle into the palisade layer of the median | 
form the short capillary loops( rdt, 1956), and they look like an inverte 






U (Akmayev, 1971) > plensy 
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of small diameter, The afferent limb enters decp into the median eminence and 
crosses the palisade, reticular, and fibre layers, It increases in size as it ascends 
and supplies the top part of the loop which is situated in the subependymal 
layer. The efferent branch staris from the top of the loop and crosses the 
median eminence to reach the surface. This branch is ofien a satellite of the 
afferent branch with which it forms the foot of the capillary loop. Oftenly the 


efferent branch is very large and continues as a wide portal vessel. In some 
species the efferent branches of the long capillary loops appear as part of the 
Surface network, 





Fig. 21. Sagittal section of the hypophysis (dog). 
(1) Long capillary loop with marrow afferent branch. 
(2) Top of the loop situated near the ependyma. 
(3) Thick efferent branch which can be followed (arrowed) 
into the anterior lobe (4) 
(5) Short capillary loop stemming from the surface network. 
(6) Hypophysial recess. —From Duvernoy (1972) 


Complex arrangemenis are also met with. Branches form a shunt between 
ihe ascending and the descending limbs and the capillary loop may form a 
vascular tuft or scrawl as is noted in primates and man (Fumagalli's Gornifolt 
or spikes of Xuereb er al., 1954). The long capillary loops are always present 
in mammals but are rare in birds. The densiiy of the subependymal network 
is present in both, 
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The density of the subependymal network increases towards the edge of 
the median eminence, In this place this neiwork has connections with the 
tuberal vessels. 


The primary plexus drains into the secondary capillary nei situated in the 
adenohypophysis. In mammals four main groups of porial vessels have been 
found, They are : anterior, posterior and two lateral portal vessels(Adam er al, 
1969). Im the fox Duvernoy(1972) found the drainage of a complex capillary 
loop of the median eminence by a large portal vessel) which passes through 
the anterior lobe and reaches the caudal end where it drains into the perikypo- 
physial veins. These portal vessels have little branching. 


The subependymal network and the top of the long capillary loops almost 
reach the cavity of the ventricle (Duvernoy and Koritke, 1968). Covering 
these areas the ependymal barrier is thin or deficient. Ependymal cells are 
grouped around the subependymel vascular network. The cells have also 
connections with the surface network. Similar neurovascular pattern has also 
been observed in the vascular organ of the lamina terminalis(OVLT), the 
subfornical organ and the area postrema. Thus the primary plexus has relation- 
ship with the ventricular fluid in the cavity of the third ventricle. The 
haematcencephalic barrier is permeable in the wail of the circumventricular 
vessels and in the wal! of the veszeis of the median eminence. 


The primary plexus has anastomosis with vessels of the posterior lobe and 
the hypothalamus. The mantelplexus can be traced along the infundibular stem 
to the posterior lobe. This is situated in between the neural lobe and the 
intermediate lobe (fie. 2.2.). Some substances of the neural and intermediate 
lobes may reach the pars distalis by this type of anasiomosis. 


The primary plexus has anastomosis with the vessels of the nearby tuber 
(fiz. 23). The anastomoses althovgh found in ail the species, nevertheless, 
are different in nature. In front and along both sides, hypo'halamic arterioles 
which reach the deep network are found, as are arterioles which pass through 
the median eminence and, in fact, reach the tuber. lia man some veinules from 
the primary plexus join the hypothalamic veins (fig, 24). The functions of 
the ascending and descending connections are difficult to find out. A supple- 
mentary portal system joining the tuber to the median eminence is not formed 
thereby. In the posterior part a vascular formation occupies the posterior tuber 
in man. It is very similar to the primary plexus in many respects. This network 
is drained towards the hypophysis by some portal vessels. The network consists 
of the surface network and the deep network (fig. 2.5.). One or two long 
portal vessels of large diameter proceed towards the posterior part of the 
stalk in man. Drainage is also towards the basilar veins. The 
deep network consists of volumincus twisted capillaries. They are subependymal 
in position and lines the pars caudalis tuberis, The anterior capillaries drain 
exclusively into the portal system. Most of them drain into the portal system 
and towards the lateral hypothalamic veins. The capillaries in the caudal part 
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y the postinfundibular eminence near the mamillary bodies are exclusively J > 
** the hypothalamus and are independent of the portall system. Duvernoy 
( 12) thoughi that, “If it is proven thal some tuberal nuclei (such as the 
infundibular nucleus) are vascularized by this network, it is reasonable to 





Fig. 2.3. — section of the anterior median eminence 
(dog). 
(1) Median eminence. (2) Tuber. (3) Pars tube- 
ralis. (4) Pars distalis. (5) Hypophysial recess. 
(6) Origin of an anteriole branch which passes 
through the tuber and reaches the subependymal 
network (arrows) (descending tuberal connec- 
tions). — From Duvernoy (1972), 


postulate that neurosecre’ory substances secreted in this region reach the 
glandular cells of the anterior lohe directly via the portal vessels. It must, e 4 
however, be no‘ed that the different aspects of vascularization of the posterior 

tuber are not always so clearcut in all species.” 
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\ Topographical division of the portal vessels which drain certain areas of the 
x ‚median eminence towards certain region of the adenohypophysis is a probability, 


N 


Porter er al,(1977) reviewed the hypothalamic -pituitary interaction. They 
injected a solution of dye, lissamine green into a peripheral arlery and noted 
the direction from which the stalk vessels filled. The small vessels in the stalk 





Fig. 24. Man. Drawing based on a median sepia section of the floor of the third 
i 


ventricle. The following elements are shown (from left to right) : OCH = Optic 
ee ME-—median eminence, IR=infundibular recess, S=stalk, PIE=post- 
infundibuiar eminence (posterior tuber) separated from the median eminence by 
the sulcus infundibularıs (SD. MB=mammillary body, 3¢V—third ventricle. 
Vascular tuberohypophysial connections < 


terolateral connections, 1!—Capillary tufts which belong to the deep 
| S — primary plexus and which are supplied by the tuberal arterioles 
(downward pointing arrow). These tuft have some veinules which join the 
tuberal veins (upward-pointing arrow). 2 = Portal vessels. 3 = Surface network 
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—— perficial It conti- 
Y | i plexus (5). 6 = Portal vessel. 
— of the primary pl (5) “Deep network 
SF Satay: = Deep network with a mix 
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which exclusively drained towards the hypophysis (arrow). —From Duvernoy 
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filled from the lower stalk upward. In the long portal vessels the filling was | 
downward starting from the median eminence. As anterior and posterior Pi b 
pituitary hormones were present in high concentrations in portal vessel plasma, 
the authors concluded that hormone exchange happens in the pituitary stalk 
vessels. Through this system pos’erior pituitary hormones are transported to 


2.5 





Fig. 25. Vascularization ths the floor of — diencephalon in man, cho = 
Optic chiasm, bo optic tracts. pc = section of the mesence- d 
phalon, cm = mammillary ary bodies, t = hypophysial stalk 
si = sulcus infundibularis A dotted line surrounds the place 
occupied by the postinfundibular eminece (PIE). Only the 
network is shown in this drawing. 1 and I’ = Arterioles 
which supply the PIE, 2 = Deep network drained 
by tuberal veins (3°). 4 and 4° — Deep capillary 
mixed drainage via lateral tuberal veins enh via | 
—— (5). S = Branch of a portal vessel 
surface network ; this network — 
6 = Deep network exclusively drained towards tt 
by portal vessels (5). 7 — Branch of the superior 
arteries which bend over and reach the deep 
median eminence (8) : This network is drained 
(9). —From Duvernoy (1972) 


the anterior pituitary. Furthermore, they hypothesized that 
concentration the pituitary hormones can reach the brain after et 
the stalk in a reverse direction. The concentration is never so high through 





a 








PITUITARY PORTAL VESSELS & CELLULAR DIFFERENTIATION 3) 


the general circulation. As there is no blood-brain barrier in the median 
eminence, peptide hormones diffuse into the brain and CSF trom blood. In 
the rat ACTH and a-MSH affect memory. Retrograde blood flow through the 
stalk shunts significant amount of ACTH and a-MSH to the brain through the 
medıan eminence, The authors further speculate that “the vasomotor instability 
commonly seen in humans at menopause may be a consequence of prolonged 
excessive secretion of gonadotrophins which are delivered to the brain in large 
quantity by blood flowing retrograde in the pituitary stalk. Other possibibties 
are also evident.” 


The blood supply of the human pi‘uitary (Fig. 2.6) has been described in 
details by Doniach (1977), as reviewed from the description made by Daniel 
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Fig. 26. Diagram representing ‘sagittal section of human pituitary, 
to show main features of blood supply to the various 
parts, The sinusoids of — distalis (anterior pituitary) 
are supplicd by two groups of portal vessels, long portal 
veon (LPV) draining characteristic capillary loops in 

—— infundibular stem (neural tissue of the stalk) 

rial vessels (SPV) draming similar capillary 

an in the lower infundibular stem. SHA = superior 

hypophysial. ary AT = — of the trabecula, 

THA = inferior — V = venous sinus. 

From Daniel and hard (1975). with kind permission 
of the authors and the editor of Acta Endocrinologica. 


. Courtesy of Professor I. Doniach and W. B. Saunders Co. 


and Prichard (1975). The anterior lobe is supplied by the superior hypophysial 
arteries, while the posterior lobe is supplied by the inferior hypophysial arteries. 
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Both are paired arteries, branches of the internal carotids. The superior hypo- 
physial artery, one on vach side, arises from the internal carotid just after the 
latter has pierced the dura mater on entering the skull. The two run to the 
upper part of the pituitary stalk, around which, in the subarachnoid space, they 
form a ring of ascending and descending branches. These branches 
pierce the substance of the stalk, where they end in clongated coiled 
capillary loops. Nerve fibrils of the tubero-infundibular tract end on the walls 
of these capillaries, pouring down into them the hypothalamic hormones that 
stimulate and inhibit the anterior pituitary. This primary capillary bed drains 
into long straight portal veins, which run down along the stalk to empty them- 
selves into the sinusoids of the anterior pituitary. This is how the anterior 
pituitary receives the hypothalamic hormones, and these chiefly reach the 
anterior and la‘eral regions of the anterior lobe. 


The blood supply of the trabecula deserves special mention, The trabecula 
is a connective tissue band, located in the upper and posterior part of the 
anterior lobe. It is continuous centrally wiih a connective tissue mass that is 
interposed between the anterior pituiiary, and the lower infundibular stem, and 
takes the shape of a ‘V’ in the mid-horizontal section of the pituitary. The 
hollow of the V is padded by ihe median wedge, which contains the major mass 
of the basophilic cells of the anterior pituitary, which also occupy the anterior 
and anterolateral parts of the gland. The acidophilic cells are grouped into 
the two posterolateral wings of ihe ‘V-shaped trabecula. The trabecula receives 
its blood supply from the loral artery (trabecular artery) one on each side. This 
artery arises from the superior hypophysial artery before the latter has reached 
the pituitary stalk, as described above. The loral arteries run downwards to 
penetrate the upper surface of the anterior lobe of the pituitary, in the neigh- 
bourhood of its junction with the posterior lobe, about 2 mm. from the pituitary 
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* The venous drainage of both the lobes of the pituitary is into the peripheral 
s Yenules, which gather into venous sinuses around the gland. These finally drain 
into the cavernous sinuses of the two sides. 


’ | ? 








CHAPTER 3 
DEVELOPMENT OF THE HYPOPHYSIS 


The development of the human pituitary gland has been dealt with by 
Professor Tuchmann-Duplessis er al. (1974). It consists of two parts of different 
origins. The glandular portion is developed from an evagination of the eptthylium 
which covers the vault of the stomodacum. The neural part is developed from 
the evagination of the floor of the third ventricle. The induction of the glandular 
portion is first done by the anterior end of the notochordal system and may be 
by the prechordal plate. Next the neural primordium or infundibulum is induced 
by this system. Subsequently the development of each of the two primordia is 
influenced by reciprocal inductions That the anterior end of the notochordal 
system helps as an inductor in development of the pitui.ary is seen in malforma- 
tions uf the pituitary gland of the type of doubling, where there are two neural 
lobes and two anterior lobes along with doubling of the anterior end of ihe noto- 
chordal system. This has been observed in amphibians, birds and in mammals 
after experimental manipulations (riboflavin deficiency, hypervitaminosis A, and 
tranquilizers). The pouch of Rathke is situated in from of the neural primor- 
dium. It is attached to the stomodeal vault by pharyngohypophysial stalk which 
subsequently disappears. Persistence of any of its portion may lead to pharyn- 
geal hypophysis. The entodermal epithelium behind the pharyngeal membrane 
gives rise to the pouch of Seessel (fig. 3.1). In lower veriebrates this may help 
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hypophysis (fig. 3.2). By cellular proliferation this arca takes up the shape of a 
basin which is open above and a median cellular septum divides the basin into 
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Fig. 3.2 Median sagittal section through the 

hypophysial region of human embryo. 

6.5 mm. long (M.E. 46). (R), Rathke's 

pouch. X 1:117. —From Romeis (1940). 

Courtesy of Springer-Verlag. 
two compartments. Each one is known as fossa of Atwell. They are filled with 
mesenchyme. Peripheral growth leads to obliteration of the fossae. The median 
septum forms the medial part and the lateral portions form the pars lateralis of 
the anterior lobe. With the proliferation of the median septum upwards and 
the cellular expansion surrounding it, the pars tuberalis is developed. The deve- 
lopment of the posterior wall is very little in man. The pars intermedia is formed 
from it and the cells enter into the anterior lobe and this lobe has disappeared 
more or less by puberty. This cavity of Rathkes pouch forms the pituitary 
fissure, 


Evagination from the floor of the third ventricle forms the infundibulum. 
The neural lobe is attached to the diencephalon by a thin hypophysial stalk. 


Wingstrand(1951, 1966) described the development of the pituitary gland 

(fig. 3.3). The pouch of Rathke which is the primordium of the anterior pitui- 
lary is hollow and the top is in contact with the developing neural lobe. The 
pouch becomes broad near the top and near the base and thus forms an aboral 
@ and an oral lobe(1951). They are separated by a constriction. In the adult an 
epithelial stalk marks the connection with the oral ectoderm. A pair of processes 
(lateral lobes) grow out from the oral lobe near the constriction and bend up- 
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wards towards the median eminence. An anterior process arises from the oral 
lobe in many forms, The process may be so large that the adenohypophysial 
anlage takes up the shape of a U in a median section. The anterior process is 
in contact with the fuiure median eminence but later on the contact may be 
disrupted. 


The part of Rathke’s pouch having contact with the neural lobe gives rise to 
the pars intermedia but there is no pars intermedia in birds and a few other 
species. The oral lobe and the part of the aboral lobe which does not take 
part in the formation of the pars intermedia, together form the pars distalis. 
The lateral lobes get attachment with the median eminence and form adult pars 
tuberalis. In birds the pars distalis may get attachment caudally with the neural 
lobc, where there is no pars intermedia. A zona tuberalis in mammals extends 
into the gland having a continuation with the pars tuberalis. It does not corres- 
pond to any embryonic anlage and the predominant cell type is basophilic. 
This histological differentiation is due to the humoral influence of the portal 
blood having its entry into the pars distalis through the zona tuberalis. This 
zone is also noted around the entrance of portal vessels in some reptiles and 
amphibians, 


The postoptic part of the hypothalamic floor gives rise to the neurohypo- 
physis. The saccus infundibuli is evaginated from the posteroventral hypo- 
thalamic wall below the tuberculum posterius and the recessus posterior, In 
amniotes, proliferation from the end of the saccus infundibuli leads to the 
formation of the adult neural lobe. The base of the saccus infundibuli forms 
the infundibular stem. “The median eminence is formed by the hypothalamic wall 
in front of or around the base of the saccus. The neural lobe is in close contact 
with the adenohypophysis at least in early embryonic stages (distale adenoneuro- 
hypophysare Kontakiflache of Spatz, Diepen and Gaupp, 1948: Spatz, 1954)". 
The saccus infundibuli becomes forked or T-shaped at the end and two primary 
branches are formed thereby. By thickening of the walls of these primary 
branches the neural lobe may grow, or it may be formed by diffuse migration of 
the nervous material into the surrounding mesenchyma. Thus a solid lobulated 
neural lobe is formed in mammals and snakes. In these cases the lumen of 
the recessus infundibuli(neural lobe) may get smaller or it obliterates. There 
are vessels and connective tissues, The ependymal cells leave their layer and 
become free pituicytts. In Sphenodon, many reptiles and birds the neural lobe 
is. wrinkled and thin walled. Tt is hollow and lobulated. At the ventricular 
urface there is an ependymal layer, an intermediate fiber layer comprising 
Preoptico-hypophysial tract and the palisade layer is superficial, No free glial 
cells are found here. In en the two extreme types of neural lobe ie 
' compac and hollow, there are many intermediate types. At the median 











eminence there 23 a proximale neuro-adenohypophysare kontaktflache of Spatz 
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CHAPTER 4 


MAMMALIAN HYPOTHALAMUS, MEDIAN EMINENCE AND THE 
INFUNDIBULAR PROCESS a 

Diepen(1962), Christ(1966), Sloper(1966), Holmes and Ball(1974) and 
others reviewed this subject. In the hypothalamus there are several nuclear 
groups. In mammals several cell groups form the supraoptic nucleus and they 
are joined together by strands of scattered cells. The larger portion of the 
nucleus is called the pars dorsolateralis and it is situated in front of the optic 
chiasma. The pars ventromedialis is the smaller, compact postchiasmatic part, 
It is Situated at the posterior surface of the optic chiasma, Accessory supra- 
optic nuclear groups connect the nucleus supraopticus and the nucleus para- 
ventricularis. The retrochiasmatic division belongs to a different system (Szenta- 
gothai, Flerko, Mess and Halasz, 1962) because (1) their axons do not join 
the supraopticohypophysial tract, (2) these cells in the rat were beautifully 
stained with their whole dendritic arborizations by Golgi and Cox methods but 
the true neuro-secretory magnocellular nuclei could not be successfully impregnated 
by these methods, (3) the intercellular meshwork of preterminal collaterals is 
very scanty in the supraoptic and paraventricular nuclei but very rich in this ® 
area having characteristic synapses, (4) NSM was absent in this nuclear group 
whereas it is present in the supraoptic nuclear group, and (5) after injection of 
(*S) -methionine, the anterior part of the nucleus showed strong activity in 
the radioautographs, but there was no activity in the retrochiasmatic portion. 


Variation in the activities of the prechiasmatic and postchiasmatic divisions 
of the supraoptic nucleus is noted after stalk section, dehydration experiments 
and destruction of the neurohypophysis. These variations are only quantitative 
in nature and they can be explained by different lengths of the respective nerva 
fibres (Christ, 1966; Diepen, 1962). 


Unmyelinated nerve fibres proceed through the neural stalk into the posterior 
lobe (reviewed by Christ, 1966). 


Greving(1926) described a fibre tract arising from the paraventricular nucleus 
called the fractus paraventricularis cinereus, in addition to the supraoptico- 
hypophysial tract. Diepen(1962) considered the common phylogenctic origin of 
mar proce ow the sap The fibres from the paraventricular ®  * 
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that after stalk section, there is partial loss of cells in the paraventricular nucleus. 
Rasmussen(1940) concluded that the paraventricular nucleus sends only a few 
fibres to the infundibular process and most of the fibres end in the supraoptic 
nucleus and the median eminence. Palay(1953) and Diepen and Engelhardt (1958) 
thought that the paraventriculohypophysial tract is formed by fibres of different 
lengths and they terminate at different levels in the hypothalamus and nruro- 
hypophysis. So, lesion in the distal part of the neural stalk wil} lead to a 
damage of only small number of long paraventricular fibres: but the lesion of 
the median eminence will damage both the long and short fibres 


In the rat, cat, dog etc. “the rostral tip of the paraventricular nucleus, which 
consists of comparatively small number of cells, is situated in the rostral hypo- 
thalamic region close to the third ventricle and above the level of the supraoptic 
nucleus. From there it extends in a dorsocaudal direction, with its posterior 
pole reaching as far dorsal as the dorsal hypothalamic area” Christ(1966). In 
man the position of the long axis of the paraventricular nucleus is more vertical. 
The fibres arise from differen parts of this nucleus and proceed toward the 
median eminence by different circuitous routes and thus they do not form a single 
fibre tract. 


Works of Scharrer(1928) and Bargmann(1949 and subsequent papers) 
clearly demonstrated the secretory phenomena in the hypothalamohypophysial 
system (Gomori’s chrome-alum-haematoxylin method) (fig. 4:1). The hypo- 
thalamohypophysial system comprises of supraopticohypophysial tract and the para- 
ventriculohypophysial tract. These together form the neurosecretory system, The 
secretory neurons produce vasopressin and oxytocin. Olivecrona(1957) thought 
that oxytocin is produced in the paraventricular nucleus. Other staining methods 
included aldehyde fuchsin. Deep staining of the neurosecretory material takes 
place. It also stains lipofuscins. Sloper(1955) used a modified thioglycollate- 
ferric ferricyanide method (Adams, 1956). Adams and Sloper(1956) used the 
method which was due to oxidation of cysteine to cysteic acid when acted upon 
by performic acid and this was followed by staining with alcian blue at a low pH. 
Control sections comprised unoxidised ones and they are to be stained in a 
similar way. Autoradiographic studies have been also performed because the 
neurohypophysis contains sulphur-rich material (Arnott and Sloper, 1958; 
Sleper, Amott and King, 1960); Ficq and Flament-Durand, 1963). 


The tuberohypophysial tract 


The supraopticohypophysial system or the posterior lobe system has a 
ker chain (Harris, er 1948, 1955, 1961) and Green and Harris(1947), 
The tuberohypophysial system consists of the nerve tracts, capillary loops of the 
median eminence, neural stalk and hypophysioportal vessels (Christ, 1966). 
T s system may be identical with the neurovascular chain system. 
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Roussy and Mosinger(1946) in Traite de Neuro-Endoerinolo wie said that 
ihe following parvocellular nuclei and areas are sources for the tuberohypophysial 
tracts. They are : inferior periventricular nucleus of the anterior hypothalamus 
or nucleus of the infundibulum (infundibulohypophysial fibres), nucleus infero- 
internal and nucleus superointernal of the anterior hypothalamus and in man 
the main nucleus of the tuber (tuberohypophysial fibres), anterior hypothalamic 
ament of the hypothalamomamillary nucleus, ovoid nucleus, internal nucleus 


of the preoptic zone (preopticohypophysial fibres). Spatz(1951, 1958), Nowa- 


kowski(1951), Christ(1951),  Wingstrand(1951), Diepen(1953), Oksche( 1960, 
1961), and Szentagothai er al.(1962) thought that the nucleus infundibularis is the 
main source of the tuberohypophysial tract Martinez(1960) thought the nucleus 
infundibularis, nucleus ventromedialis, nucleus paraventricularis, nucleus hypotha- 


lamicus ventrolateralis. nucleus hypothalamicus posterior, and lateral hypotha- 
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Fig. 4.1. Nucleus supraopticus of the dog (CAHP stain) x 
S50. Shows neurosecretory cells in different stages 
(Bargmann, ee Courtesy of Profesor R. Diepen 
and Springer-Verlag. 


lamic area contribute to the fibresystem of the tuberohypophysial tract. Accord. 
ee eee ewe we nucleus infundibularis, nucleus 
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lateral hypothalamic area, hypothalamic premamillary area, and the tuberoma- 
millary nucleus, Christ(1951) found delicate nerve fibres to take origin from the 


cells of the ventromedial and arcuate nuclei and to proceed toward the median 
eminence, 


Sagittal seciion through the median eminence and the neural stalk of the cat 
slained with Bodian’s method (Nowakowski, 1951) demonsirates the un-myelnated 
nerve fibres and the infundibular structure (fie. 4:2). The ventral wall of the 
infundibulum has iwo layers (fibre layer and glandular layer). In the inner layer 
(here are coarse nerve fibres and very delicate fibres. These delicate fibres may 
be collaterals of the supraop.icohypophysial tract or preterminal and terminal 
fibres of the tuberohypophysial tract. 


2 
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Fig. 4.2 Infundibular zone of the cat. Bodian preparation (sagittalsection X 170) 
(Z. int), Zona interna infundibuli; (Z ext), Zona externa infundibuli 
There is endplexus of Tr. tubero-hypophyaus) ; (Tr. tu. hy), Tr. tubero- 
hypophysius; (Tr. sohy.), Tr. supraopticchypophysius (thick fibres); (N) 
ucleus infundibulais: (R. inf.) recessus infundibularis; (P. inf. Ahy.) Pars 
infundibularis of the adenohypophysis Courtesy of Professor R. Diepen and 
Springer-Verlag. 


Human neural stalk and infundibulur process contain Greving's islands which 


are perivascular spaces formed by the arching of the fibre bundles of the hypo- 
thalamohypophysial nerve fibres. Different types of pituicytes and epithelial 


Diepen(1962) studied the difference between the neurosecretory pictures in 
various mammals. In silver preparations varying degrees of changes in the 
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neurosecretory fibres have been noied (fig. 4.3). The figure shows different 
degrees of local swellings. Smaller swellings may be reversible. There is inter- 


* i ioe) 


Fig 4.3. Schematic representation of different 
degrees of local swellings in neuro 
secretory nerve fibres. Courtesy of 
Professor R. Diepen and Springer-Verlag. 


ruption (c) in the axonal continuity when the local swelling is large. If it happens 
then the distal portion of the axon undergoes Wallerian degeneration(d). There 
may be interruption between the continuity of the proximal portion of the axon 
and the swelling (e) and the local swelling becomes an isolated bulbous or ball 
-sbaped fragment (f, aa). Neurofibrils may grow out from the proximal stump, 
These regenerating fibres may show beading and grow irregularly toward adjacent 
blood vessels (bb). The Gomoripositive fibres in the external zone of the median 
eminence may be such stray regenerating fibres. Gomoripositive Herring bodies 
may correspond to local alterations in silver preparation. Diepen thinks that 
neurosecretion is also due to a local process in the axon, The disintergraling 
phenomena are more prominent in the posterior lobe of the dog. Diepen’s 
concept speaks about a local production of nsm but it does not deny the existence 
of a proximo-distal flow of axoplasm (Weiss and others) (Holmes, 1961, 1963). 


Christ(1962) noted that after complete interruption of the hypophysial stalk 
in the rabbit, there was accumulation of neurosecretory material (nsm) not only 
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in the proximal stump but also in the distal stump which speaks in favour of a 
local secretory aclivi.y of the respective paris of the neurons. 

Regeneration phenomena happen after circumscribed lesion of the tractus 
supraop.icohypophysius in the infundibulum of the rat (Diepen, 1962). There 
were regenerating fibres in the proximal stump which reached the infundibular 
special vessels in the outer zone of the infundibulum, They reach the highly 
vascular pars ınfundibularis adenohypophyse (fig. 4.4). 





Fig, 44. Proximal hypophysis of a rat 25 days after coagulation (K.) in nucleus 
a & b. infundibulans (Ni). (Zint) inner zone of the infundibulum. CAHP stain 
after Gomori. X 150. 
(a) Site of lesion with neuroseeretion containing beaded fibres and Herring 
bodies (Tr. supraoptico-hypophysius : Axonal exuberance), 
(b) Section through the proximal lesion site. Exuberance of axonal regenera- 
tion in the outer zone (Z.ext.) of the infundibulum which is in contact with 
the Pam infundibularis of adenohypophysis. (Rec. i.) Reecssus infundibuli. 
(Su. inf.) Sulcus tubero-infundibularıs. (Sp. G.) Special blood vessels. (P.G.) 
Portal vessels (After Engelhardt and Diepen, 1958), Courtesy of Professor 


R, Diepen and Springer-Verlag. 
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Diepen(1962) discussed the structure of the proximal hypophysis (infundi- 
bulum and pars infundibularis adenohypophyse). The internal infundibular zone 
contains the tractus supraopticohypophysius. It is rich in pituicytes. The 
external infundibular zone has contact with the pars infundibularis adenohypo- 
physe and the proximal adenoneurohypophysial contact area is formed. Therd 
are speciai blood vessels (capillary loops) and the mantelplexus. The tubero- 
hypophysial fibres in the external infundibular zone are Gomorinegative and 
the granules are argyrophilic. There are also ependymal fibres and subependymal 
glial fibres. 


Diepen(1962) described the relationship between Gomori-preparation and 
silver-preparation of the supraopticohypophysial system in dogs. 

Regarding the release of posterior lobe hormones and the role of pituicyles 
Diepen(1962) gave a schematic drawing in his book in fig. 274. 


Vasopressin and oxytocin in 
hypothalamic nuclei 


Abel(1924) first reported that the mammalian hypothalamus contains vaso- 
pressin and oxytocin-like substances. This was subsequently confirmed by van 
Dyke(1926), Trendelenburg(1928) and Vogt(1953). Bargmann and Scharrer(1951) 
reported that the hormones are produced in the nerve cells of the supraoptic 
and paraventricular nuclei of the mammalian hypothalamus or the preoptic 
nucleus of lower vertebrates. They are carried by axoplasmic flow in the 
nerve fibres and stored in the pars nervosa. Green and Maxwell (1959) thought 
that the modification in the mitochondria all along the axon produced the 
hormones. They conducted ultrastructural studies and they suggested that 
oxytocin is stored in neurosecretory vesicles lacking electrondense centres. 


Lederis(1962) used a paper chromatographic procedure and showed that 
vasopressin and oxytocin are present in the mammalian hypothalamus. In the 
hypothalamus the hormone content is 1/50th of that of the neural lobe. The 
vasopressin : oxytocin (v/o) ratios in the hypothalami of man, ox, pig, rabbit 
and rat did not differ much from those found in the neural lobes of the same 
animals. In the dog v/o ratio in the hypothalamus was very high compared to 
that in the neural lobe. In an Indian elephant similar feature was observed, 
Dog's hypothalamus contained oxytocin. In the supraoptic nuclei more vaso- 
pressin than oxytocin was found and more oxyiocin was found in the paraventri- 
cular nuclei. Vasopressin is synthesized in the supraoptic nuclei predominantly 
or entirely and synthesis of oxytocin occurs in the paraventricular nuclei. In 
the dog und in the Indian elephant, synthesis of oxytocin occurs throughout the 
length of the neuron. In rabbits kept on a dry diet for 14 days there was a 
considerable fall in the hormone content of the neural lobe. There was deple- 
tion of vasopressin more than that of oxytocin. The v/o ratio and the absolute 
hormone content in the hypothalamus of dehydrated rabbits were not greatly 

different from those in normal controls. 
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Electron microscopic studies 


Ultrastructural observations of Gerschenfeld, Tramezzani and De Rober- 
ties(1960) and Palay(1960) in the neurohypophysis of mammals, birds, reptiles 
and amphibians revealed nsm along the axons and at the terminals to be com- 
posed of dense granules of about 0.1 y in diameter surrounded by a membrane. 
De Roberties(1962) studied the neurosecretory axons in four different regions 
of the toad: (1) in the hypothalamus, (IT) in the hilar areas of the infundibular 
process, (IIT) near the capillaries and (IV) at the ending proper ( hg. 4.5). 





Fig. 4.5 Diagram of the different regions (1, II. II & IV) of a neurosecretory axon. 
(A), control animal. (B). in a chronically dehydrated toad. To note the release 

_nsm from region IV and the increase in the number of synaptic vesicles 

(SV) ; (npf), neuroprotofibrils; (mi), mitochondria; The relative size of the 

ules in the different regions, and of the synaptic vesicles is maintained. 

(om), basement membrane; (ce), ca endothelium; (cl), capil lumen 

¢ n eld. er af. (1960), Courtesy Professor R. Diepen and ger- 
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| In region I, there was active formation of secre ory granules within dense 
vesicles. The secre Ory unis crow from a mean size of 620 A in remon I to 
1350—1500 A in regions II and II reaching a ra her uniform (quantal) SİZE. / 
Increase in the volume of the granuics akes place from region I to II and ILL 





Fig. 4.6. Nerve fibre in the posterior lobe of a rat 30 minutes after Histamine 
injec ion, The neurosecretory granules look optically empty, The 
synaptic vesicles are unchanged, (Ultras ructural view. X 52000 times) 
(After Hartman, 1958). Courtesy of Professor R. Diepen and Springer- 
Verlag. 


At the endings (region TV) a component appears which is morphologically 
similar to the syrap‘ic vesicles wih a mean diame er of 420 A. In the axons 
of regions I to [II here are plen y of neuroprotofibrils and thinner neurofilaments © 
and some mitochondr'a. The mi ochondria had no relationship to the nsm ag 
siated by Green and Maxweil(1959). 
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The neurosecretory granules in chronically dehydrated animals disappear 
from the endings but are present in other regions of the axon. The synaptic 
vesicles persist at the endings and increase in number. With massive discharge 
of nsm in acutely dehydrated animals or during ether anaesthesia, there is dimi- 
nution in the number of synaptic vesicles. With the release of neurosecretion 
the granules do not disappear. There are less dense granules or empty mem- 
branes for some time in the endings (fig. 4.6). 


De Roberties(1962) found also a progressive synthesis of the material along 
the “axon until a maturation size of the neurosecretory granule is attained. 
Axoplasmic streaming of course takes place, 


The synaptic vesicles in some way elecit the actual release of nsm from the 
ending as is noted in the nerve endings in the adrenal medulla. Acetylcholine is 
liberated at the terminals in the neurohypophysis and this releases oxytocin or 
vasopressin. 


Heller(1961) said that the differential release of the two neurohypophysial 
hormones could be explained by assuming the presence of oxylocinergic and 
vasopressinergic neurons. Subcellular fractionation of the neural lobes of diffe- 
rent species indicates that the oxytocic and vasopressor activities are located in 
different fractions which contain different types of granules or different kinds of 
nerve endings(Heller and Lederis, 1961: Kauz and Lederis, 1965: Bindler, 
LaBella and Sanwal, 1967). Two types of neurosecretory nerve fibres 
were found in the neural lobe(Lederis, 1964; Campbell and Holmes, 1966; 
Zambrano and De Robertis, 1968; Rodriguez and La Pointe, 1969). Sokol 
and Valtin(1967) found absence of nsm from some areas of the neural lobe of 
rats having hereditary diabetes insipidus. NSM containing fibres are oxytociner- 
gic. Non-NSM containing fibres are due from the defective neurons which do 
not synthesize vasopressin, 


Rodriguez(1971) found type I and type II fibres (non-neurosecretory) in 
small numbers in the bovine neural lobe. Two types of pega esa fibres 
uld be distinguished. IH fibres contain granules of 180- nm in 
— set E membrane from the dense core, 
A crystalloid structure can be seen in the dense core of several of these granules. 
‘The limiting membrane of some granules is connected to short tubules like a 
tail. The type IV axons have very pale granules of 180-220 nm in diameter, 





The outline i ranules ir III fibres, Amidst 
The outline is more regular than that of granules in Type 


there are small dense bodies (about 150 nm in diameter). The 
tween the dense core and the membrane is absent in them. These 
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In the rat and bovine neural lobes the ependymal component was comple- 
tely absent. There were plenty of pituicyles. Pituicyle processes were more 
than nerve fibres. Piuicyte processes intervene between the nerve endings and 
blood vessels and they form an incomplete barrier (Rodriguez, 1971). 


Mast and plasma cells and fibroblasts are abundant in the rat neural lobe 
and are numerous (specially mast cells) in the bovine neural lobe. The con- 
nective tissue cells are situated in the perivascular spaces. 


Rodriguez(1971) thought that the pale and the dense neurosecretory granules 
are of different types and do not represent different physiological states of the 
same type of granule. The dense granules contain AVP and the pale granules 
contain oxytocin in the bovine neurohypophysis. In the monkey similar feature 
happens. 


Douglas, Nagasawa and Schulz(1971) studied the mechanism of secretion 
of posterior pituitary hormones and the significance of microvesicles (synaptic 
vesicles). The secretion was by exocytosis and the formafion of microvesicles 
was a by-product of the process. 


Herring body 


Basophilic colloid masses in the neurohypophysis and neural stalk was 
noted by Herring (1908). They were thought to be derived from basophil cells 
migrating into the neural lobe from the adenohypophysis. They could proceed 
towards the hypothalamus through the neural stalk. Thus Herring bodies were 
described but a confusion remained that they were cells. The colloid in the 
posterior pituitary could be stained by neurosecretory stains with chromealum 
haematoxylin or aldehyde fuchsin. With these stains it could be found that 
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cope they could be identified as Herring bodies. Secondary lysosomes can be 

formed by fusion of elementary granules of nsm and they are found in some 

axons. Therefore, lysosome-like inclusions could develop partly from the 

neurosecretory granules. Kurosumi thought that this phenomenon could corres- 
: pond to crinophagy (Farquhar) in adenohypophysial cells. 


Pituicytes 


— Bucys pituicytes were seen in the neural lobe. In the rat these cells have 
numerous fat droplets. The osmiophilic granules accumulated in the pituicytes 
in water-deprived rats. Romeis classified the pituicytes into reticulopituicytes, 
micropituicytes, fibre pituicytes and adenopituicytes. The adenopituicytes were 
plump cells and mostly without processes. They were rich in cyloplasm having 
granules or they had vacuolated appearance. These indicated a secretory 
activity. The pituicyies are not the source of antidiuretic hormone. 


Dellman( 1962) described two main types of pituicytes: fibre pituicytes and 
protoplasmic pituicytes. Cell bodies and processes of protoplasmic pituicyles 
sometimes have granules of various size in different cells Romeis(1940) des- 
cribed them as pigmented pituicytes. Christ(1966) demonstrated the variability 

~ in size and shape of the pituicytes in the bovine neurohypophysis. 


Fibre pituicyies 


Cytoplasm is poor in the cell body. Varying amount of chromatin is 
contained in the oval shaped nuclei, At times clear nucleus with only a few 
dark granules is noted. Sometimes the nucleus cannot be distinguished 
separately from the dark stained cytoplasm. Fibre pituicyies have long (1074) 


N Protoplasmic pituicytes 


= Romeis described them as micropituicytes Though they were thoughi to 
a be micro, yet considerable variation has been noted in size and shape. The 


z er 203 macro are more common in the posierior pituitary These polymorphic 







$ of fre pits and pop pies end ciber os 
ve ti I ' on blood vesels with end fect. 

5 the pituicytes as glial elements but considerable variation 
has | —— —— aged cells in other parts 
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Ultrasiructurally only two types of pituicytes could be demonstrated in the 
posterior pituitary of the rat. They were called protoplasmic pituicytes and 
fibrous or reticular pkuicytes by Kurosumi ef al, (1964). The processes of reti- 
cular pituicytes do not contain any special filamentous substance and they 
embrace neurosecretory axons like oligodendrocytes in the brain or Schwann cell 
in the peripheral nerves (Kurosumi, 1971). i 


Ultrastructurally the protoplasmic pituicyte contains many lipid droplets, 
mitochondria, RER but the smooth ER is difficult to find out, There 
are no evidences of hormone production in these cells, neither it is possible 
that synihesis of the lipid occurs in this cell. The lipid droplet is ingested from 
outside the pituicyies (Kurosumi, 1974), NSM containing the posterior pituitary 
hormones is discharged strongly from nerve terminals and axons of the posterior 
pituitary by water deprivation. After release of nsm there was increased accu- 
mulation of lipid in the pituicytes, Similar features occurred after dehydra- 
tion, delivery and stress (Kurosumi er al. 1964). The lipid droplets of pitui- 
cytes are not neutral fat. They are mostly phospholipid. Shortly after dehy- 
dration, pinocytosis occurs. The coated pinocytotic vesicles have been found 
by Kurosumi(1974) near the surface of pituicyte and they may absorb lipoprotein 
derived from the limiting membrane of neurosecretory granules. When the 
hormone is released, the constituents of the membrane are liquefied and absorbed 
by pinocytosis, and lysosomes in the pituicytes partially digest them. Gradual 
accumulation of lipid droplets occurs. 


The reticular pituicytes contain no lipid droplets normally. But few days 
after dehydration there is increase of lysosomes and small lipid droplets are noted 
in large lysosomes (Kurosumi, 1974). Normally reticular pituicytes are lesser than 
the protoplasmic pituicytes. Reticular pituicytes are engaged in phagocytic 
process involving degenerated neurosecretory axons and endings. Phagosomes 
are vacuoles containing the ingested material and after fusion with primary 
lysosomes, secondary lysosomes are formed, Regarding the other function 
of the pituicytes it is believed by some authors that they have an impor- 
tant role in the release of the neurosecretory material from the posterior 
lobe. The posterior pituitary hormones are produced in the supraoptic and 
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space in the typical synaptic clefts. Glycogen particles and mitochondria have 
been found in the nerve endings. This feature has rarely been observed in the 
posterior pituitary of the rat and synaptic vesicles are not accumulated on the 
thickened plasma membrane (Kurosumi, 1971), 


Mammalian median eminence 


Rodriguez(1972) studied the comparative and functional morphology of 
the median eminence. The main structures are the ependymal and glial cells, 
nerve dibres and blood vessels. The median eminenos can be divided into 
different regions. The internal or neural region contains ependymal lining, 
nerve tracis running towards the neural lobe, and long subependymal’ loops of 
the primary plexus of the hypothalamo-adenohypophysial portal system. In the 
external or neurohaemal region there are short loops of the portal system, 
different types of nerve endings, ependymal processes and glial cellls. Ip higher 
mammals, including man, rostral) extension of the median eminence is seen. 
Rodriguez considers this as a third region or rostral region of the mammalian 

Below the ependymal layer and in the subependymal region of the median 
eminence two neurosecretory tracts are situated, one comes from the supraoptic 
nucleus and the other from the paraventricular nucleus. One is vasopressinergic 
and the other one is oxytocinergic. No Cajal-positive fibres have been noted 
to end in the external region of the median eminence of the rat. Silver chromate 
method of Golgi revealed a rich plexus of nerve fibres in this location. This is 
due to a substance or a group of substances contained in the nerve and 
ependymal fibres. 


Several types of median eminence nerve fibres could not be distinguished 
Clearly in mammals as it could be in amphibians. Most of the endings in 
mammals contain clear and granulated vesicles smaller than 100 nm. According 
to Fuxe and Hokfelt(1967) majority of the nerve terminals of the median 
eminence contain monoamines and a small number of fibres contain releasing 
and inhibiting factors. Rodriguez thinks that most or perhaps all the terminals 
‘of the median eminence contain both, a monoamine, and a releasing or an 


inhibiting factor. 5 ETE ma f 


F Short capillary locps are situated in the external region of the median 


eminence, The short loops and the processes of their perivascular basement 
SER surrounding 3 g the short loops there are only a few connective —— 


— 





E ‘ 
> r ry N 
? > 2 7. 
‘ s 
9 i 
£ 5 


RR, — illury loops | i lowakowski(1951), Engel- 
The ‘loops have been studied by N ski(19 inge 
| Enemar(1961), Lofgren(1961), and Duvemoy and 





Eg 
f 








á tini Yy 
Y x sig Ii u“ i 
n - p= onan \ 
b ais 

er saree 


| | and descending branches of the long, loops 


— Mi = nd ae "A — 


are 








58 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


parallel to the ependymal lining. The descending branch of the loop is thicker 
than the ascending one, These have been described in the chapter dealing with 
amphibian pituitary, 

The capillary network in the rostral part of the median eminence has been 
observed in the monkey by Holmes(1967). Rodriguez(1972) observed them in 
the cow median eminence, This particular formation is an important site for 
release of neurosecretory substances in the vessels. In this location there are 
connections between ependyma and portal vessels and thus it is a site for local 
synthesis of secretory products. Large number of mast cells are seqn and 
they should be considered regarding the synthesis and storage of serotonin. 
This vascular formation consists of complex network of intercommunicating 
blood vessels in the cow. 


There are two types of ependymal cells: short and long. The processes 
end on the short and long loops of the primary plexus of hypothalamo-adeno- 
hypophysial portal system. The ultrastructural characteristics have been discussed 
in the chapter dealing with amphibian pituitary. 


Neurosecretory granules in 


the median eminence 


Ishii (1972) classified the neurosecretory granules in the median eminence 
of the horse. Kobayashi er al.(1970) reviewed the ultrastructural studies of the 
hypothalamic median eminence. Different types of hormonic substances are 
stored in the granules or electrondense vesicles. They are monoamines, neuro- 
hypophysial hormones, and adenohypophysioirophic hormones. Ishii (1972) 
reported in tabular form the average diameters of different types of electrondense 
vesicles of median eminence as observed by different investigators in various 
vertebrates. The classification was based on the different types of clectrondense 
vesicles e.g. one or two groups of electrondense vesicles or three groups of the 
same or four groups of the same. * 


The axons of the equine median eminence were classified into Al, A2, BI, 
B2, and C. Group Al was the smallest population having the modal diameter 
between 90 and 100 nm and the median of the diamet 
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and A2 axons are to be included in the category of small vesicles, and those of 
groups B and C axons in the category of large vesicles (Ishii, 1972). Mos: of 
the authors of two-group classification observed smal! vesicles only in the median 
eminence and the large vesicles were noted in the inner layer of the median 

. eminence and the pars nervosa. 


Three-group classification 


Most of the investigators in this group observed small and medium sized 
vesicles in the median eminence but not in the pars nervosa. Zambrano and 
De Robertis(1968) found medium and large sized vesicles for the axons of the 
pars nervosa. Ishii thinks that groups Al and A2 vesicles correspond to small 
and medium sized vesicles of most workers. Group B and C vesicles correspond 


to large vesicles of most authors or to medium and large size vesicles of Zambrano 
and De Roberiis (1968), 


Four-group classification 


In the equine median eminence Ishii observed four kinds of electrondense 
vesicles with modal diameters of 100, 120, 135 and 155 or 165 nm (Kobayashi 
ei al., 1970; Ishii, 1970). They correspond to groups Al, A2, Bl, and B2 or 
C respectively. 


Two types of vesicies in the same axon (80 and 130 nm) were reported by 
Rodriguez(1969), and Ishii(1972). 


Noradrenaline was concentrated in group Al vesicle and dopamine is 
contained in the vesicles of group C axon. Gonadotrophin releasing hormone 
was colained in group A2 vesicles. Corticotrophin releasing hormone is contained 
in group BI axon (Peczely and Calas, 1970; Akmayev ef al., 1967; Kobayashi 


er et al, 1970; Ishii er al, 1969; and Mulder, 1970). 
Neurosecretion 
| i Kurosumi (1974) classified the neurosecretory systems of higher vertebrates 
into : 
(a) Hypothalamo-hypophysial system which produces posterior pituitary 








= hormones eg. oxytocin and vasopressin (ADH) and 
Hypothalamo-infundibular system which produces the releasing and 


_ (b) Hypothalamo-infundib | 
"inhibitory faciors (hormones) eg STH—RH, TRH, CRH, LH—RH, 
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a large number of synaptic vesicles, small dense granulés and many mitochondria. 

The ultrastructure of the neurosecretory cells in the nucleus supraopficus and 
paraventricularis of thè rat shows well developed Golgi apparatus and rough 
endoplasmic reticulum. There afe small dense granules of about 200 nm in 
diameter in the region of the Golgi apparatus. The neuroserıeiory material 
is synthesized on the ribosomes at the outer surface of the rough endo- 
plasmic reticulum which corresponds to the Nisl substance of light micros- 
cope, The profeinaceous substance collects in the cavity of the rough endo- 
plasmic reticulum and subsequently transported to the Golgi apparatus and the 
clementary granules of the neurosecretory substance are formed. 


Neurosecretory cells are mostly spherical or oval in shape with round nuclei. 
There is clear cytoplasm with free or membrane-bound ribosomes. Some 
irregular, small neurosecretory cells possess dark cytoplasm and diese are known 
as dark neurosecretory cells. The owiline of the shrunken nucleus is wavy but 
the nucleolus looks normal. Some neurosecretory granules are found. The 
Golgi apparatus is not so well developed. The cytoplasm contains plenty of 
free ribosomes. Lysosomes increase in number in these cells (Kurosumi, 1974). 
He thinks that the water content of this cell is small and it shows probably a 
pathological degeneration. This is also suggested by the increase in the number 
of lysosomes in these cells. 


Direct communication between the smooth surfaced membrane of the Gol 
apparatus and the rough-surfaced endoplasmic reticulum can be found in the 
neurosecreiory cells of the supraoptic nucleus of the rat. Thus the transport of 
immature neurosecretory substance from the cavity of the rough-surfaced endo- 
plasmic reticulum to the Golgi apparatus can occur and maturity of the granules 
can lake place in the Golgi cisternae (Kurosumi, 1974). Transport by budding 
of small vesicles from the rough-surfaced endoplasmic reticulum is also another 
possibility. Mature, dense granules are 200 nm in diameter. Between the 
limiting membrane and dense core of the granule there is a narrow clear space. 
Kurosumi observed this clear space to increase in immature granules and in 
those granules at the nerve terminals of the posterior pituitary before they are 


There are axosomatic synapses op Sp, Renny SEAL bodies. The 
synaptic vesicles (50 nm) and mitochondria are located at the endings. A little 
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monpaminergic. There is susbsynaptic sac (subsurface cistern) and subjacent 
rough endoplasmic reticulum, A dilated cistern of the rough endoplasmic reti- 
culum ış located under the smooth subsurface cistern. Its surface facing the 
smooth subsurface cistern is also smooth but the opposite side facing the interior 
of the cell is rough and studded with ribosomes (Kurosumi, 1974). Kurosumi 
thinks that a close approximation beiween rough endoplasmic reticulum and 
the subsurface cistern probably functions in conducting an information regarding 
synthesis of the protein. Heaps of synaptic vesicles could not be seen by him 
just outside the subsurface cistern. 


In the neurosecretory terminals at the perivascular areas in the posterior 
pituitary there are peripheral neurosecretory granules (150 nm—200 nm). Neuro- 
tubules form a ring-like pattern at the ending and there are also microvesicles 
(50 nm)—which are located cenirally. The empty vesicles are remnants after 
the release of the granules (hormone) by the method of molecular dispersion 
(Kurosumi, 1974). Kurosumi found morphological similarity between the 
synaptic vesicles in the ordinary nerve ending and microvesicles in the neuro- 
secretory terminal. These microvesicles may contain acetylcholine or some 
other transmilter substance. 


Neurosecretory material is discharged from the terminals by (a) molecular 
dispersion as suggested by Fujita and Hartmann (1961) which is same as 
Kurosumi’s type IV or diacrine mechanism: and by (b) exocytosis. The 
mechanism of exocytosis is same as Kurosumi’s type IV or eruplocrine mecha- 
nism. Kurosumi could not find exocytosis in normal or dehydrated rats. At the 

axons flattened sacs were found. These sacs may be membranes 
which covered the neurosecretory granules With the release of the hormone in 
the posterior pituitary the limiting membrane of the neurosecretory granules 
forms these flattened sacs. These flattened sacs ultimately get fragmented with 
the formation of microvesicles (50 nm in diameter). Some of them may be 
synaptic vesicles which contain acetylcholine or other transmitter substances 
(Kurosumi, 1974), 


Further observations on mammalian median eminence 


There are terminations of hypothalamic nerve fibres on the capillaries of the 
hypophysial portal vessels in the median eminence (Bargmann, 1953; Szentago- 
thai, 1964; Rinne, 1966; and Fuxe, 1964). Large number of granular and/or 
agranular vesicles have been noted in the perivascular nerve endings (Rinne, 1966 ; 
Monroe, 1967; and Rodriguez, 1969). These inclusions may be the storage sites 
of monoamines. Close correlation between the vesicles and the monoamines was 
observed by many but Mazzuca (1965), and Monroe (1967) did not observe the 
same. Arko ef al, (1962, 1963) noted the appearance of many aldehyde-fuchsin- 
ge, i sete ortibnenco of the rit after 
bilateral a en es ok aat 
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Rinne(1970) concluded that the granular vesicles which are rendered visible 
by glutaraldehyde and osmium in the median eminence of the rat do not con- 
tain dopamine. In the median eminence however, small granular vesicles are 
engaged in the storage or metabolism of noradrenaline. 


Akmayev er al, (1967) noted plenty of large empty vesicles in the hypotha- 
lamic median eminence (Zona palisadica) of the albino rats 10 to 17 days after 
bilateral adrenalectomy, Rinne (1970) furiher states that the observations after 
bilateral adrenalectomy support the view that the aldehyde-fuchsin-staining 
substance and the granular vesicles are engaged in the neurohumoral corftrol of 
corticotrophin secretion. However, there is no evidence in favour of dopamine 
playing a role in this process. “The large granular vesicles may act as the 
Storage site of corticotrophin—releasing factor and may be the subcellular struc- 
tures corresponding to the aldehyde-fuchsin-staining substance in the median 
eminence”. Rinne (1972) has confirmed this finding, In the normal rat occa- 
sional aldehyde-fuchsin-positive, very fine and beaded nerve fibres could be 
detected in the outer layer of the median eminence and they proceed towars the 
hypophysial portal capillaries. Plenty of such nerve fibres could be detected 
in the ourer layer of the median eminence after bilateral adrenalectomy in the 
rats. There were no clear changes in the number and intensity of the yellow- 
green fluorescent arcuate cell bodies by histochemical studies of primary cale- 
cholamines. After adrenalectomy, the intensity of the fluorescence in the median 
eminence remained unchanged. “Electron microscopic examination showed 
that in a normal rat the perivascular nerve endings in the median eminence con- 
tained a great number of inclusions, both agranular vesicles and typical granular 
dense-core vesicles. After bilateral adrenalectomy the total number of granular 
vesicles decreased significantly. This decrease took place in the numbers of 
small granular vesicles. In conirast, the number of large granular vesicles about 
1,300-1,600 A in size increased significantly. Correspondingly, the proportion of 
large agranular vesicles had risen somewhat” A new population of large 
granular vesicles could be seen which did not exist in the control material. 


Wittkowski ef al. (1970) showed that the Gomori-positive granules of the 
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between the granule and the membrane could also be noted but with gallocyanıne 
method only the granule could be visualized. Therefore, while investigating the 
same type of granules, the diameter is expected to be 200-400 A larger in osmium 
treated material than with the gallocyanine method. In the normal rat the zona 
externa contains small aggregations of Gomori-positive elementary granules very 
near the capillaries of the portal plexus. The number of 400 A elementary 
granules is three times less in comparison to the 1,100 A granules of the zona 
interna, In osmium preparations they should correspond to 700 A ini the zona 
extema and 1,500 A in the zona interna respectively. The granule aggregations 
are of 0.3 to 0.4 pum in diameter in the zona externa. The Gomori-positive 
elementary granules of the zona externa lie within nerve fibres as in zona interna. 
After bilateral adrenalectomy these granules in the zona externa increase in 
number and in diameter (800 A) in seven days. At three weeks the size is 900 A. 
The granule aggregations increase to I jm. When substitution therapy with 
hydrocortisone from the day of operation onwards is done, the relationship 
between corticoid balance and amount and size of the elementary granules can 
be clearly demonstrated. The increase in number and size is due to synthesis 
and storage of CRF. The decrease afier adrenalectomy and substitution ‘therapy 
is due to an inhibitory effect of the therapy. “The paradoxical effect of hydro- 
cortisone treatment when beginning on the 14th day p.o. (post operative), which 
brings about an enhanced increase of the Gomori-positive substance in the zona 
externa, may be explained in the following way: during the 14 days po an 
enhanced synthesis and storage of CRF takes place; application of hydrocor- 
tisone after this period probably only inhibits the release of CRF and does not 
immediately stop CRF synthesis”. 
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CHAPTER 5 
CONTROL OF THE PITUITARY GLAND IN MAMMALS 


The mechanisms involving the control have been reviewed by Roy(1976) 
in his book, “Neuroendocrinological studies in stress—Experimental surgical 
observations in vertebrates and invertebrates” along with his own experimental 
observations. They comprised stimulation and lesion experiments of the hẸpo- 
thalamus and extrahypothalamic areas, pitunary stalk section experiments, graft- 
ing experiments, hypophysectomy (pariial and total), corticotrophin releasing 
factors „and hormone, pituitary autografting in the hypophysiotrophic area 
(fie. 5.1). 


In this Laboratory my student Misra(1971) studied the role of hypothalamic 
and extra-hypothalamic neural structures in the regulation of ACTH release by 
stimulation and lesion experiments, Hippocampus, basolatetal amygdaloid nucleus 
and dorsal septum are inhib#ory centres to the pituitary-adrenal axis; whereas, 
corticomedial amygdaloid nucleus, ventral septum and medial midbrain re‘icular 
formation are facilitatory areas to the said axis, The insula though facilita- 
tory, but its lesion has not affected the axis. It is interesting to rote that stress 
of burn following lesion of these areas stimulated the pituifary adrenal function 
in all the instances. 


Allen ct al.(1977) reviewed the experimental models for the study of pitui- 
tary function. The authors prepared and evaluated the isolated pituitary in rats. 
They have described a surgical procedure which is a modification of Smith's 
parapharyngeal approach for hypophysectomy. After separation of the stalk, 
a metal barrier measuring approxima‘ely 24mm is inserted between the cut 
ends. 


Chana a ahs Hay dtir ik ‘ection vom gie by liad and er 
microscopes. Central necrosis in the adenohypophysis surrounded by surviving 
cells was found. The viable cells were adjacent to the dura and infundibular 
process. The infarcted area contracted after fourwen days of surgery and this 
was surrounded by viable pituitary cells. PAS + gonadotrophs were found in the 
peripheral areas after seven days and they increased after fourteen days. Ultra- 
— at | dot geen the ot oe eas 
‘i c inclusions and a few granules. — — 
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Afier stalksection ovarian weights, uterine weights, and adrenal weights 
diminished. After castration alone there was decrease in uterine weights. Daily 


vaginal smears in the non-castrate, sialksectioned animals showed a constant 
diestrus pattern. 


The pituitary has been permanenily isolated in these experiments as demons- 
trated by very low FSH and LH levels and high prolactin levels in moncastrate 
and ovariectomized animals sacrificed at various intervals after stalk section. 
When LHRH is administered subculaneously, significant rise of LH and FSH 
occurs Which proves the presence of significant numbers of responsive gonado- 
trophs, although the LH response has been noted after intraarterial injection of 
LHRH, and FSH response is not. In this experimental model interaction be- 
tween estradiol and LHRH at ihe pituitary level has also been demonstrated. 
LH leveis greatly increased by prior administration of estradiol benzoate. 





Fig. 5.1. Neuroregulation of the hypophysis. 
(Schematic). 
Band.opt. = Optic chiasma; Cps Mam, = 
Mamullary body ; 
Carot. = Internal carotid artery with sym- 
pathetic nerves along vessels. 
Chaine lat. = Cervical sympathetic chain ; ni < — * rn D 
Ge.cerv.sup. = Superior cervical ganglion; | We — en: 
Moelle cerv—dors. = Cervico-dorsal cord; “~~ > 


| =Amygdalo-tangential tract — — reflex path) ; 2—Retino- 
tangential tract (Optico-h ex path) ; 3= Pars tuberalis; 4 = 
Strio-hypothalamic path (Influence * corpus —— and globus pallidus on 
the hypophysis; 5 = “to Ihe hypothalan plexus; 6 = Path of neurocrinie 





from the hypophysis to the I alamus 7 = “Glandular islet in the 
osterior lobe; 8 = Tractus 


a bse doors = Tractus mamillo- 
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From G. Roussy and M, Mosinger (1946). 
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Releasing factors of the hypothalamus 
pittenin( 1976) — the . physiological and clinical significance of 









brain peptides, 








OÖ 
L — 


— UBRARY 


66 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Burgus er al.(1969) isolated the first of the hypothalamic hypophysiotrophic 
peptides, the thyroirophin releasing factor (TRF) from sheep hypothalami in 
December 1968. The hypothalamus regulates the funciions of the thyroid gland 
through the pituitary by this molecule. Schally er al.(1970) described the 
structure of the porcine TRF in 1969. Guillemin’s group established the chemical 
structure of ovine TRF as a simple tripeptide pGlu-His-Pro-NHy. Schally’s group 
found this structure to be identical. The synthetic replicate was highly potent 
in all vertebrate species and specially in man. TRF stimulates the secretion of 
prolactin as well as that of thyrotrophin (TSH) (Tashjian). The stimulating 
effect on prolactin secretion is variable in different species but it happens ih man. 

Schally’s group in 1971 isolated the hypothalamic hypophysioinophie peptide 
hormone which controls the secreion of LH and FSH. They proposed the 
structure of the porcine luteinizing hormone releasing hormone (LHRH) as that 
of the decapeptide pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH». Guille- 
min’s group later on confirmed the structure. The synthelic hormone is now 
widely used in clinical medicine and veterinary medicine for stimulating ovula- 
tion and this is now widely used in the treatment of certain types of infertility in 
men and women. The authors (Guillemin’s group) isolated in 1972 synthetic 
analoges of LHRH having antagonistic activity against LHRH. This antago- 
nistic action may be utilized for fertility control. 


Celis et al.(1971) found the structure of MIF to be a tripeptide. 


A tetradecapeptide was isolated from the ovine hypo halami by Guillemin’s 
group (Brazeau er al.(1973). This peptide inhibited the release of growth 
hormone from the anterior pituitary and is known as somatostatin. Valo 
et al.(1975) noted that soma'ostatin inhibits TRH-stimulated release of TSH 
and prolactin release is inhibited in some situations. Koerker ef al.(1974) found 
this peptide to inhibit the release of insulin and glucagon from the pancreas. 
Somatostatin has been found in discrete cells of the endocrine pancreas (D cells) 
and also in other tissues of the gas'rointestinal tract. These cells apparently 
derived from the neural crest during ontogeny (Guillemin, 1976). Somatostatin 
is manufactured in these peripheral cells. These peptides have been called by 
Guillemin as Uvbernin. All these releasing factors (peptides) have also direct 
effect in the central nervous system. TRF may have an antidepressive effect in 
some humans (Kastin ef al, 1972; Prange er al, 1972; Wilson er al., 1973). 
LHRH stimulates mating behaviour in rats (Moss and McCann, 1973; Taurog 
et al., 1974). TRF is present in human CSF (Oliver ef al., 1974) and in the CSF 
of rais (Joseph er al., 1975). 











CHAPTER 6 


THE PITUITARY GLAND OF MAMMALS 


Cosiofl(1973) summarized the current views of rat anterior pituitary cell 
types and their properties. Many of the cell types have also been identified by 
fluorescent-antibody technique, autoradiography and immunoelectron microscopy, 


Somatotrophs : 


Somatotrophin is secreted by acidophil somatotroph. These cells have 
been characierized in acromegaly and tumors. They are absent in the dwarf mice. 
Dwarf mice are not only deficient in growth hormone; evidences of deficiency 
in thyrotrophic, gonadoirophic, and corticotrophic function also exist in them. 
Typical thyrotrophs and gonadotrophs were found in the anterior pituitary of the 
dwarf mice but the ihyrotrophs, in particular, were very scanty in number and 
the thyrotrophin content was only one tenth of the normal (Ortman,1956). 
Though there are multiple deficiencies both hormonally and structurally, soma- 
totrophin and acidophil granules are the only components in each class that are 
totally deficient (Purves,1966). 


in the rat two types of acidophil cells have been described by Purves and 
Griesbach(1952). In thyroid insufficiency the cell responsible for the release of 
growth hormone was found by them to be degranulated. These cells (somato- 
trophs) were not affec.ed by estrogen treatment or castration but the LTH cells 
were found to be affected. Somatoirophic activity disappeared after loss of 
granules from the «-cells (Knigge, 1958). Griesbach er al., (1963) observed 
that previously degranulated somatotrophs in thyroidectomized rats regranulated 
after administration of potassium iodide, Hydrocortisone treatment in similar 
situation gave rise to regranulation of the somatotrophs to 60% of normal after 
14 days (Meyer and Evans, 1964). 


Vanha-Perttula (1966) identified the STH cells as most abundant chromophilic 
cell type in the pituitary gland of the control rats and immature rats. They were 
round or oval orangeophilic cells when stained with methods including orange G. 
With azocarmine-orange G method the cell took up ochre or light brown colour. 
It is uniformly distributed in the anterior pituitary gland and is also situated in 
small groups along the sinusoids. STH cells in immature rats are plenty in 
number and with testosterone treatment they had increased affinity for orange G. 
With. ethylthiouracil feeding the cells stained less and there were only some 

| — ned — in the — and the cells looked vesicular. They 















m anıq ang anq anıq yud pu qud 
Z. 
S 
= oni aq  potunnsun ang poureysun pau yud 
— 
- IOPOLA JO 
E jesoydırad moq aniq Iys] ang ya IOA ang yS WoA Oa prumsun 
E usa 
“ LEIER wwe? =o onyq 1a] pou IHOA ang ıyan pai n poumysun 
= 
— 
WAILES miop ang yup ang yep anyq mq yep usqia uss pou 
pic 
Bie sopessiıjed nuwwss samus spnu sopu 
s ui 20 Appmivdəs uojreda 19,014 atu papoa PA paummsun poumjsun ppumsun 
7 
= səpessijed pou 
u] i 30 Apjtivdas eyo Aue) odumio 3J * 
= p puq poi sjed uwo pounnysun 
m | 
scinoss 
< WS jews oi wide ay adumıo pou aSo aurao atumo pouneysun 
= 
a. = = 
= 
8 (wpa H) ang zo Hd ve Hd 
anpa 1) aflunso wuonp- DEE sworga  ——— ee unypny- 
uonezije307 wauon aumumozy  apippivy -pypav -mL ang may pÄuppiy 


= (906, ejnsog-rqueA) spoyjow Juries MOURA Joye sdg [9 uasaııp Jo suonsens Juin 








THE PITUITARY GL. GLAND OF MAMMALS 69 


They could, however, be differentiated by the tetrachrome method in addition to 
the azocarmine—orange G method. With the former method the STH cells 
were orange Stained but in this method the concomitant aniline blue appreciably 
oveystains these cells. So the later method is more specific for STH cells 


Staining characteristics 


Staining method Colour of granules Authors 
Orange G Orange Dawson 
‘ (1954, 1963) 
Tetrachrome method Orange Pasteels and Herlant 
(1962) 
Azofuchsin, orange G Orange Brookes 
in phosphotungstic (1967, 1968) 


acid and Wool green S 


STH cells have been distinguished by immunofluorescence method in the 
rat, mouse and domestic animals by Rumke and Ladiges (1965) and Shiino and 
Rennels (1966). Similar method has been applied in man by Grumbach (1962) 
and Leznoff er al. (1960). Baker er al,(1969) and Baker (1970) could distinguish 
two types of acidophils in the rat by peroxidase-labeled antibody methods of 
Nakane and Pierce (1967). Nakane (1970) identified the somatotroph at the 
eleciron microscope level by using peroxidse-labeled antibody method. 


Electron microscopic observations 


Farquhar and Rinehart (1954a,b) and Yoshimura and Harumiya (1965) 
noted degranulation of somatocrophs after thyroidectomy or castration. Rinehart 
and Farquhar (1953) and Hedinger and Farquhar (1957) said that the somato- 
trophs could be easily identified and were plenty in number in the rat pituitary 
gland (fig. 6.1). The secretory granules were about 350m: in diameter. There 
were Golgi complex, mitochondria with interrupted crisiae and a well developed 
endoplasmic reticulum. Rennels and McNutt (1958) noted the absence of 
somatotrophs in dwarf mice pituitaries. Hyperirophy and hyperplasia of STH 
cells in a diabetic s'in of mice were observed by Yamada ef al. (1967). 

Couch ef al.(1969) injected purified growth hormone releasing factor (GRF) 
into rats. They examined the pituitaries at different times ultrastructurally and 
noted the release of plenty of granules by exocyresis from the somatotrophs. 


By radioimmunoassays Birge ef al. (1967) noted more somatotrophin in the 
male rat pituitary than in female rats. Simikır observation came from Costoff 
(1973). The peripheral part of the gland has more STH activity or preponderance 
of more STH cells in the periphery of the ghind (Smith and Smith,1923; 
Rinehart and Farguhar,1953 ; Herlant,1964 ; Costoff,1973). 


a Costoff (1973) studied the ultrastructures of somatotrophs in intact controls 
- other treatments in rats. This is the most preponderant cell type : more 
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in the male than in the female rat. Cells are peripherally situated. The size of 
the cells and the granules is bigger in the male rat than that in the female. Cells 
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Fig. 6.1. Electron micrograph showing cells from the anterior pituitary of a young adult 
male rat. Three acidophils of the type which are thought to be responsible for 
the production of growth hormone (Hedinger and Farquhar, 1957; Farquhar and 
Rinehart. 1954a) occupy most of the field. Their nuclei (N) are indicated. 

This type of acidophil is characteristically rounded or ovoid in shape, and the 
cells pioa ly are arranged in groups, as shown here. In electron micrographs the 
i 


most distinctive feature is their content of variable numbers of dense, ovoid 
secretory granules (gr) of a characteristic size (ca. 350 my maximal diameter). 
Large numbers of secretory granules are present in this field. The cell mem- 
branes (cm) can be clearly seen separating the cytoplasm of one cell from that of 
another. Mitochondria (m). endoplasmic reticulum (er), and Golgi material (G) 
may also be distinguished, x 10,300. Courtesy of Professor M. G. Farquhar, 
Professor H. D. Purves, and the Williams & Wilkins Co. (1961). 


are found to be away from the capillaries and are of medium size, oval in shape 
with plenty of large, round, dense secre‘ory granules. The granules vary from 
150-400 my in diameter with a mean of 235mp. The nuc'’eus is round and 
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eccentric in position. The extensive rough endoplasmic reticulum is situated at 
one pole of the cell. On the membrane surface the ribosomes are not evenly 
distributed and frequently the smooth areas of endoplasmic reticulum have been 
noted to face the Golgi apparatus. The Golgi vomplexes are either one or more 
and are situated near the nucleus. They consis. of flattened or dilated sacs and 
tubules. An active somatotroph is characterized by a Golgi system having 
vesicles of 100m in diameter, flattened vacuoles arranged in parallel, ond 
secretory granules in different stages of formation. Multivesicular bodies and 
lysosomes have been noted in and around the Golgi regior. Mitochondria are 
round or rod-shaped. Centrioles are situalied either near the cell surface or near 
the Golgi region. Sometimes a cilium was nofed and this was associated with 
centrioles very near the cell surface. 


Costotl observed two types of somatotrophs in the adult mole pituitary. 


Active type: It presents with well-developed rough endoplasmic reticulum, 
hyperirophied Golgi apparatus and a few granules at the periphery of the cell, 
Release of granular material could be seen at the cell membrane. The location 
of these active cells is the cen-ral part of the gland, 


Quiescent somatotroph : This is smaller and is of storage-type. Cells are 
peripherally situated in ‚he adult pituitary gland and this area is poor in vascular 
supply. Plenty of granules in this type of cell ofen obscured the scanty Golgi 
apparatus and endoplasmic reticulum. 


Adrenalectomy and somatotrophs : 


Definite change occur after 14 days with plenty of lysosomes and decrease of 
granulations. One-third of the somatotrophs appeared degenerating after 30 days 
of adrenalectomy. At this period the cells had few granules, a faini endoplasmic 
reticulum, free ribosomes, an involuted Golgi complex, swollen mitochondria and 
the cytoplasm was small. The granules were smaller. There was an increase in 
cilia in some somatotrophs, Cosioff said that these degenerating somatotrophs 
could be designated as chromophobes by light microscopy. 

Costoff (1973) also sudied changes in these cells after Propyithiouracil 
treatment when there was increase in lysosomes with degranulation. The cells 
were of storage-Ivpe, 


Degranulation occurs long after castration with an increase of lysosomes. 
Adrenalectomy + castration showed degranulation with swollen mitochond ria. 
Similar features were noted by him after metopirone, amphenone, hydrocortisone 
and dexamethasone treatment, Peripheral somatotrophs showed maximum de- 
granulation. Storage-type STH cells were noted after ACTH and a-ethyltrypia- 
mine treatment. 

After long-term thyroidectomy there was degranulation of somatotrophs 
(Purves and Griesbach,1952; Knigge, 1958; and Farquhar and Rinchart,1954b). 
Castration in rats showed similar features (Severinghaus, 1937; and Farquhar and 
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Lysosomes could control the produciion of STH or LTH depending on the 
demand by phagocytosis of the hormone granules 


66.6% of the somatotrophic activity could be found by Costoff in the 
granule FEILSP pellet, whereas 19.39% was found in the soluble SA zone. The 
granules in the FEILSP pellet had a mean diame.er of 242m whereas the 


granules in the somatotrophs had a mean of 240m. Most of ihe STH activity 
Should be in the FEILSP pellet. 


Thyrotrophs : . 

Thyroidectomy gave rise to degranulation of acidophils and hypertrophy of 
certain basophils. Thus there is a problem regarding the cell type which 
produces TSH. 


Production of TSH 


by 
Acidophils Basophils 
Severinghaus Zeckwer et al, (1935) 
(1937) Griesbach (1941) 


Griesbach snd Purves (1945) 


Vanha-Perttula (1966) observed that with aldehyde fuchsin only certain 
central polygonal cells of the rat pituitary are stained ted. With aldehyde-thionin 
method the same cells stained dark-blue. The cells were green with alcian blue 
at pHi0.2. At pH3.0 other cells had some weaker affiniky for the dye. These 
AF-positive cells are large cells containing fine granulations and they do not 
intimately border the sinusoids but contact these through their branches, Some- 
times these cells were arranged in grape-like distribuiion along a sinusoid. After 
methylthiouracil feeding these cells increased in number with the formation of 
small irregular groups. With thyroxin treatment TSH cells decreased in number 
and they were shrunken in appearance. These cells are PAS-positive and using 
acid fuchsin-aniline blue as well as tetrachrome methods, the intensity of the 
blue stain in TSH cells was stronger thani in any other mucoid cells. 


In all species of animals studied by Pearse (1949) PAS-positive material 
Was present in basophils and certain basophilic chromophobes. Purves and 
Griesbach (195la,b) differentiated two types of basophils by PAS staining. 
Polyhedral cells were situated in the center of the gland and they were considered 
as TSH-cells. These cells hypertrophied in thyroidectomized animals and they 
decreased in size after administration of thyroxine in intact mts. Basophil cells 
a a a ee sana Pg 
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stain dark blue. More intense PAS reaciion of the TSH granules than that of 
the gonadotroplis was considered by Herlant to be due to more mucoproteinaceous 
material in TSH granules (Herlant,1964). 


By immunofluorescence technique ‘TSH cells were identified by Greenspan and 
Hargadine(1965). By peroxidase-labeled antibody technique Nakane(1968) noted 
clustered TSH cells in the center of the gland. Vanha-Perttula(1966) noted 
fine granules in the AF-positive TSH cells, These cells were found in groups 
and bordered the capillaries. After thyroidectomy or PTU treatment increase 
in thysoidectomy cells was observed in comparison to TSH ccelis in the intact 
group of animals. Dingemans(1969) found that the number of LTH, STH and 
LH cells diminished after thyroidectomy and he thought that these cells could 
lead to the production of thyroidectomy cells. After treatment with PTU fewer 
granules were noted in TSH cells (Contopoulos er al, (1958). D'Angelo (1961) 
observed increase in TSH by 300% in the blood but the same was found to be 
reduced by 95% in the pituitary gland, The inference is that there is a negative 
feedback of thyroxine on the pituitary or the hypothalamus and thereby inhibi- 
tion of TSH release takes place and increase storage of TSH in the granules 
happen. Very little thyroxine is produced after thyroidectomy or PTU treatment. 
There is continuous secretion of TSH in blood with very small storage. 


Electron microscopic observations 


After thyroidectomy in mice there was dilated endoplasmic reticulum with 
decrease in granulation in the hypertrophied thyrotrophs (Barnes,1963). With 
thyroxine administration there was regranulation of these cells. Potyliege(1970) 
observed that administration of PTU and estrogen in the rat led to regular infact 
TSH cells and lesser number of thyroidea@iomy cells and thus estrogen prevents 
the changes in TSH cells after treatment with PTU. 


Farquhar and Rinehart(1954b) observed hypertrophy of cells responsible 
for TSH secretion in rats after thyroidectomy (fis 6.2). Kurosumi and Oota 
(1966) could differentiate thyrotrophs from gonadotrophs and corticotrophs. 


Costof}'s observations (1973) : 


I to 2% of cells are thyrotrophs in the rai pituitary gland. These are the 
smallest type of cells except certain chromophobes and are situated in the mid- 
central and midlateral parts of the gland. These angular cells are situated on a 
capillary. The cells have little cytoplasm and plenty of granules are arranged 
around the periphery of the cell near the cell membrane, The diameter of the 
granules varies from 40-150mp with a mean of 88mu. The density of the gra- 








nules in these cells is lesser in comparison to that of the acidophilic granules and 





the membranes adhere closely to the granules. Near the cell membrane the 
centrioles with cilia are sometimes observed. The endoplasmic reticulum is 


poorly developed and is usually vesicular in appearance, The Golgi apparatus 


of granules in different sages is seen near the nucleus. Lyso- 
uent. “Mitochondria, ovoid or short rod-shaped bodies contain- 
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Electron micrograph showmg a thyrotroph from the anterior pituitary of a young 
adult male rat. The nucleus (N) and cell membranes (cm) are indicated. T 
irregular contour characteristic of thyrotrophs is illustrated in the angular shape 
of this cell 

In electron micrographs thyrotrophs can be distinguished by virtue of the 
size of their secretory granules which are smaller (maximal diameter ca. 100m,,) 


than those in any other type of anterior lobe cell (Farquhar and Rinchart. 19546), 
In this cell the secretory granules are found, for the most part, lined up along 
the cell membrane 

As seen in this call, the endoplasmic reticulum (er) of thyrotrophs is generally 
present in the form of small vesicular profiles with occasional clongated (cister- 
nal) profiles. The mitochondria (m) gee occur in the form of short rods 
and show a background matrix which is much less dense than the internal matrix 
of gonadotroph mitochondria. A group of vacuoles of the Golgi complex (G) 
can also be distinguished in the cytoplasm of the thyrotroph. 

The thyrot is Virtually surrounded by acidophils of the growth hormone 
type. The cytoplasm of these cells is 1 ed A. The size of their secre'ory 
granules (maximal diameter ca 350 my) can be contrasted with the smaller 
ihyrotrophic granules x 10,000. Courtesy of Professor M. G. Farquhar, Professor 
H D, ——— the Williams & Wilkins Co. (1961), 
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ing interrupted cristae randomly oriented are not found in these cells”. After 
daily administration of PTU in doses of 10-20mg to rats there was an increase of 
thyroidectomy cells (Bogdanove and Halmi,1953)., 


PTU treatment (Costoff,1973) 


The angular thyrotrophs increase in size upto tenfold with an increase in 
numbur of these hypertrophied cells. Wide dilatation of the rough endoplasmic 
reticulum and fusion of the vesicles occurs and thus the vacuolated end« i 
reticulum of the thyroidectomy cell, which is very characteristic, is formed. 
Golgie apparatus is hypertrophied with deficiency of granules and it is better 
defined. This is the picture of an actively secreting gland and without storage, 
Hypertrophy of mitochondria is found and they assume oval or spherical) shape 
The nuclei are indented with plenty of nucleoli. The few granules in these cells 
measure 40m more than those in untreated TSH cells. 


Nakane(1970) and Baker and Yu(1971) used peroxidase labeled antibody 
technique and described the pattern of distribution and characters of TSH cells. 


The electron micrograph of DIHSP pellet (Costoff, 1973) shows it to be 
free of contamination of other cell organelles and the granules had a mean 
diameter of 89m which favourably compares with the TSH œl granule from 
whole tissue where it is 85mu. Measurement of the granules and bioassays 
prove that these cells are thyrotrophs, 


Mammotrophs : 

LTH cells are acidophils. They are carminophilic (Dawson, 1954), orangeo- 
philic (Lacour, 1950; Sanders and Rennels, 1959), eryihrosinephilic (Pasteels 
and Herlant,1962; Pasteels,1963), sulfhydryl and/or disulfide positive (Barmett 
et al., 1961). 


These cells are more active during pregnancy and lactation in the rat 
(Dawson, 1963). The granules are depleted during suckling of the litter and 
there is a rapid fall in the lactotrophic hormone content of the pmuitary gland 
(Grosvenor and Turner, 1958). That LTH is localized in acidophils of the rat 
pituitary gland has been confirmed by immunofluorescence method (Emmart 
et al., 1963; Rumke and Ladiges,1965). Emmari et al. (1965) noted them in a 
prolactin tumor, Shiino and Rennels(1966) noted these cells in the rabbit. By 
the same technique Nayak er al.(1968) observed the prolactin cells in the pitui- 
taries of cows. Baker ef ai, (1969) distinguished somatoirophs and mammotrophs 





acidophils (Purves and Griesbach,1952). Vanha-Perttula (1966) could identify 
cell type with orangeophilic properties after PAS-orange G staining method 
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and they increased in number during pregnancy, lactation and after treatment 
with esirogen. The LTH cells are carminophilic with azocarmine-orange G 
method. They were scanty in male rats and absent in immature rats and are 
distributed singly bordering a sinusoid. They are seen throughout the whole 
gland in adult female rats. The nucleus is ab-sinusoid in position. Palisadic 
arrangement in the same location was sometimes observed specially during 
lactation, The same arrangement could be observed afver reserpine treatment. 
Depending on these findings Vanha-Perttula considered these cells to be LTH 
cells. They stained bright red with tetrachrome method. “These cells were 
evenly red-stained in the pituitary gland of lactating female rats separated for 
I2 hours from the litter, but only diffuse red granules were present when the 
young were allowed to suckle for one hour. These changes are in agreement 
with the previous findings about the pituitary content of LTH in corresponding 
states," 

Ulirastructure of Mammotri phs (fie 63): 


Chen ef al.(1969) autografted pituitary glands 10 the kidney in rats and 
studied the level of LTH secretion by such glands. It was equal to the greatest 
amoun: secreted during the time of highest estrogen secretion in the estrous cycle, 
Infusion of extracts from the median eminence into the rena! artery of rats 
having pituitaries autografted into the kidneys was done by Evans and Nikitovitch- 
Winer (1969) and Evans and Averill (1970). Increased synthesis and release of 
gonadotrophins and thyrotrophin were noted. This proves that reactivation of 
the involuted cells in the graft could happen. 


Costoff's observation on ultrastructure of the anterior pituitary autografted 
to the Kidney capsule in female rats : 

In such circumstances increased number of mammotrphs and more active 
chromophobes were the primary cell types. They had increased amount of 
cytoplasm, vesicular endoplasmic reticulum and increased number of mito- 
chondria. There was hyperirophy of prolactin cells with well-developed lamellar 
endoplasmic reticulum, hypertrophied Golgi and many granules. Other cell types 
were small and of lower activity. Well-developed MSH cells were noted. Parts 
of the graft were necrotic and some cells had plenty of iysosomes and 
lipofuchsin droplets. 


For LTH secretion by the autograft estrogen stimulation is not necessary 
(Everett, 1954). In adult estrus rats piiuitary glands were auto to the 
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Fig. 6.3. Electron micrograph of a section from the anterior pituitary of a normal, young 
adult female rat showing an acidophil of the type which is thought to be res- 
— for the production of erate ee hormone (Hedinger and Farquhar, 


957 ; Farquhar and Rinehart, 19544). e nucleus (N) and the cell membrane 


(cm) of the mammotroph are shown. 

These cells are typically found alone, rather than in groups, in the normal, 
noniactating animal. Their most distinctive feature in electron micrographs 1s 
their cytoplasmic content of very large, dense secretory granules (gr) with a 
maximal diameter of 600 to 900 my, In this cell they are predominantly found 
grouped to the left of the nucleus (N). The granules appear very dense and 
do not show evidence of internal structure Their appearance is in contrast to 
that of the mitochondria (m) which are usually more clongated, much less 
dense, and show clear internal structure which is difficult to see in detail at this 
relatively low magnification 
‘Tubular and cisternal (clongated) profiles of the endoplasmic reticulum (er) 
as well as vacuoles of the Golgi complex (G) may also be identified in the 

yte] segments of the cytoplasm of 


cyteplasm. The two areas marked A —— 
two adjacent acidophils of the type which are presumed to be responsible for 
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ment. Rennels (1962) observed the LTH cells in the pituitary grafts under the 
renal capsule. Desclin and Flament-Durant (1966) observed rapid degranulation 
of LTH cells in the renal pituitary grafts after estrogen treatment. Tissue culture 
experiments uphold the same view as observed in grafting experiments (Pasteels 
and Mulnard, 1961), 


Costoff (1973) observed that 10% of the cell types in male rat pälukaries 
are mammotrophs whereas piiuitaries in the females comprise 40% cell popula- 
tion. In the male this cell type is third most frequenit cell itype in order after 
somatotrophs and follicle-stimulating gonadotrophs. In the female this cell, type 
is plenty like somatotrophs. The luteotrophs are found in the central pait of 
the gland and they are associated with corticotrophs. 


The LTH cells are similar to somatotrophs in shape and size but when 
stimulated they may be double in size with irregular shape. This cell could 
easily be identified because of intensely electron-dense and irregularly shaped 
granules. The granules measure 100m: in diameter within the Golgi region but 
the mature granules were about 800m: in diameter, Fewer granules were noted 
in the mammotrophs. Mitochondria are rodshaped. More lysosomes are noted 
in the mammotrophs than in the somatotrophs. The endoplasmic reticulum is 
well-developed and extensive. The Golgi apparatus is extensive in the luteo- 
trophs in pregnant rats. Usually several Golgi complexes have been noted in 
LTH cells. 


Adrenaleciomy : 


In short term experiments there were more prolactin cells with increased 
granulations, 


Castration and adrenalectomy : 


Prolactin cells were conspicuous and had dilated endoplasmic reticulum. 
Swollen mitochondria and increased granulations were observed in these cells. 


Adrenal cortical blockers : 
Number of mammotrophs decreased. 
Estrus : 
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The granules in the LTH cells varied in diameter from 250-870my with a 
mean of 318mp. The prolactin activity was found in the E2LSP zone and 
granules contained therein had a mean diameier of 361m. 


Adrenocorticotrophs : 


Vanha-Perttula (1966) identified ACTH cells in the pituiiary gland of rats 
after adrenalectomy when there is increased ACTH production. An increase of 
a special type of amphophil cell was also detected and it differed from chromo- 
phobes by its greater size. With PAS-orange G and azocarmine-orange G 
methods small Orangeophilic granules were noted in these cells. With tetra- 
chrome meihod there were ery hrosinophilic granules at the luminal border of 
the cell and they could thus be differentiated from the chromophobes. The 
granules diminished from ACTH cells after cortisone treatment with decrease in 
the size of the cells. ACTH cell is oval when lining the sinusoid, polygonal 
When situated alone amidst other cell types. Sometimes a palisadic arrangement 
could be seen. 


Basonhils as a source of ACTH : 


Hylinized basophils were described by Crooke and Russell (1935) in Cushing's 
disease, 


Knigge (1955, 1956, 1957) thought that cells stained by protargol method 
secreted ACTH. These cells responded during stress and had relations to cells 
that were PAS +. Basophils decreased and the cytology was changed afıer 
adrenalectomy. He thought that ACTH was produced by basophils. Halmi and 
Bogdauove (1951) and Dhom er al. (1962) suggested that aldehyde fuchsin + 
basuphils secreie ACTH and TSH. 


Immunofluorescence studies show that some basophils secrete ACTH (Mar- 
shall, 1951, Pearse and Van Noorden, 1963, Hess er al., 1968). 


Acidophils as the source : 


Stress responses after severe burns in the rat were studied by Finerty and 
Binhammer (1952) and Fineriy er al.,(1952). By staining with azan meihod 
there were no changes in the differential cell counts and in the degree of specific 
granulations of the cells. When acid hemate.n method of Rennels (1951) was 
applied to the sections, an increase in the number of acidophil cells per field 
was found. This discrepancy was resolved by Timmer and Finerty (1956) by 
siating that in scalding a shrinkage in the gland takes place and the crowding 
of the acid hematein stained cells led to the increase in such cells per field. 


However, Roy(1953/1954) observed increase in basophils in burn trauma 
N „iR ihe man —— dog. 


anules Say ACTH activity (Stigliani er al., 1954) and Field 
se in acidophils after adrenalectomy, Synthesis of ACTH 








Fig. 64, Electron micrograph illustrating portions of several cells which were recently 


suggested to be concerned with the formation of adrenecorticotrophic hormone 
(Farquhar, 1957). Two large nuclei (N) and a segment of a third nucleus are 
shown. 

Such cells are typically found in groups and are arranged around large 
follicles of smaller ductiles Some of the follicles are quite large, measuring 
several microns across and are undoubtedly analogous to so-called “colloid cysts” 
sometimes seen in the anterior lobe by light microscopy. Other follicles, such 
as the one illustrated here, are quite small and would probably escape detection 
by light microscopy, — | 

The cells which line the follicles or ductiles typically show tiny cytoplasmic 
projections or microvilli (mv) which project into the follicular lumina. In this 
held portions of three cells abut on the follicle and form microvilli which 
project into the lumen. | 

The follicular cells characterstically do not contain secretory granules. 
organized cytoplasmic structures are sparse. Only a few mitochondria (m), 
Furthermore, in the normal animal their cytoplasm appears relatively empty for 
rege d tubular profiles of the endoplasmic reticulum (er), and basophilic 
particles (bp) are encounter ed. 
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is in the acidophils. Isolated granules (0.5-1.0 in diameter) from sheep pitui- 
taries contain ACTH activity (Herlant,1953). By immunofluorescence studies 
it has been suggested that ACTH is synihesized in acidophils (Leznoff er al.,1962; 
and Kracht ef al.,1965). 


Amphophils as the source : 


Russfield(1957) classified the cells of the human pars distalis into acido- 
phils, basophils, amphophils, hypertrophic amphophils, and chromophobes 
The apphophils stain with both acidic and basic dyes and ACTH is being secreted 
by them (Burt and Velardo, 1954; and Russfield er al., 1956). Amphophils 
may also be the sources of STH, TSH, LTH, and the gonadotrophins and their 
shape is polygonal. These cells are partially degranulated basophils with plenty 
of acidophilic mitochondria. They are sensitive to postmoriem autolysis and 
hypertrophic amphophils are gamma cells with loss of cytoplasm and granules 
by postmortem autolysis. The studies were performed in tumorous conditions 
(Russfield, Reiner and Klaus, 1956) and endocrine disturbances (Burt and 
Velardo, 1954). Russfield thinks that amphophils can produce all the anterior 
lobe hormones but there is no proof that all of them are simultaneously produced. 
Purves (1961) states, “This seems to mean no more than that large amounts of 
hormone may be secreted by lightly granulated cells. Russfield’s results are of 
importance in directing attention to the fact that more information of endocri- 
nologic significance can be obtained from the siudy of lightly granulated cells 
than by the enumeration of typical acidophils and basophils; they do not con- 
flict with the view that the cells producing different hormones are characterized 
by different types of granules, whose specific chaiacter can be distinguished by 
appropriate staining meihods’”. 


Chromophobes as the source : 


ACTH was secreted by chromophobes (Purves and Griesbach, 1956). 
Ultrastructural studies led Farquhar(1957) to think that angular chromophobelike 
cells having microvilli and facing a colloid-filled follicle might be the source of 
ACTH (fig. 6.4). This colloid increased after cortisone treatment and decreased 
after adrenalectomy. Rennels (1964) partly confirmed the above findings. 
Herlant and coworkers found that all the cells with erythrosinophilic granules 
are not necessarily prolactin cells. In both sexes of the rat and man there are 
cells which seem to be chnomophobes but with ttetrachrome staining these cells 


In terms of their somewhat monotonous ity, these cells resemble more 
“3g a —— they do any other type of 
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contain a seed-bed of fine erythrosinophilic granules which are usually polar in 
distribution. Herlant(1964) says that these cells secrete ACTH. In the rat 
after bilateral adrenalectomy there is massive hypertrophy of this cell type only 
(Quenum and Herlant,1964; and Kraicer and Herlant,1964). This is also 
Observed after administration of amphenone or metopirone which strongly 
simulates the secretion of ACTH (Racadot and Herlant, 1960; Herlant and Klater- 
Sky,1963; Racadot,1963). Kraicer and Herlant(1964) observed selective invo- 
lution of this cell type after prolonged administration of hydrocortisone. 
Purves(1966) stated, ‘In my opinion the gamma cells of Romeis in the human 
pars distalis, the epsilon cells of Herlant and Racadot(1957) in thé pars 
anterior of the cat, and zeta cell of Goldberg and Chaikoff(1952) in the pars 
anterior of the dog, are corticotrophs.” 


In man the ACTH cell is a debated subject. Beta-cells secrete ACTH. 
This has been thought because of the following two facts. Hyaline transforma- 
tion of the beta-cells occurs in hyperoorticoid states. Basophilic adenoma in 
the pituitary body has been noted in Cushing's syndrome with hypersecretion of 
the adrenal cortex. Herlant(1964) said that Crooke’s cells are not the cause 
of hypercorticism, but rather the consequence. The cells composing the ade- 
nomas in the pituitary body contain fine erythrosinophilic granules 


Corticotrophs could be identified in cats in various pathological and physio- 
logical condilions (Racadot and Herlant,1960; Racadot,1963; and Quenum and 
Herlant,1964). They noticed that cells in chromophobe adenoma contained 
many fine granules that could be stained by tetrachrome method which is a 
revised tetrachrome technique over Cleveland-Wolfe trichrome method. In 
some chromophobes increase in granulation after adrenalectomy and metopirone 
treatment was observed. Fine acidophilic granules decreased after hydrocorti- 
sone, Changes in the thyroid gland and reproductive trect were noticed by 
Racadot(1963) in cats after administration of amphenone (adrenocortical block- 
ing agent). Amphenone caused increased granulation in ACTH cells: but it 
was found fater on that this compound stimulated granulation in mammotrophs 
which led to milk secretion in cats. 


By tetrachrome method and immunofluorescence technique Brozman(1967) 
confirmed the findings of Herlant-group regarding the identification of ACTH 
ceils with fine zranules, 


Light-microscopic autoradiography has been used for identification of 
ACTH cells by Siperstein(1963) and Knuison(1963, 1966a,b). Siperstein (1963) 
used pituitary sections from adrenalectomized rats receiving “H-glycine. Large 
chromophobic cells which on the basis of grain coun's appeared to have a higher 


turnover of protein than any oiher cell type. They constituted 1.3 to 1.89% of“ 
the cell population and were thought to be the source of corticotrophin. 


wF 
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Knutson(1966) observed an increase in number and size of chromophobes upto 
8 days after adrenalectomy but there was labeling of some basophils 14 days 
after adrenalectomy. He thought that when demand for ACTH was high, i was 
secreted not only by chromophobes but also PAS positive basophils synthesized 
the hormone. Stress in the intact rat could increase RNA synthesis in 
chromophobes. 


Ultrastructure : 


Siperstein and Allison(1965) studied the pituitary glands seven days after 
adrenalectomy- in rats. Corticotroph was a large and irregularly shaped cell 
having few granules and a vacuolated endoplasmic reticulum. The diameter of 
the granules was about 200mu. Kurosumi and Kobayashi(1966) and Kurosumi 
and Oota(1966) observed greatest granulations in the cells under similar 
circumstance, four days after adrenalectomy. Degranulation and degeneration 
was noticed in many ACTH cells seven days after adrenalectomy. The granules 
were 150-200mg: in diameter. Yamada and Yamashita(1967) studied ACTH 
cells in mice and they were similar to such cells as previously described. 


Corticotrophs in rats (Costoff,1973) : 


Corticotrophs are found in the posteromedial part of the gland. They are 
large and irregular in shape and are smaller than FSH gonadotrophs. Narrow 
cyloplasmic projections from these cells between other cells. They stay in 
groups and are also associated with LTH and FSH cells. This cell-type has 
got variegated appearances regarding the granules. Some are electron dense, 
others are disrupted and in some there is a dense core surrounded by a halo 
under the granule membrane. The mean diameter was 106m and the range 
was 50-180mp. The nucleus is eccentrically situated and irregular in shape 
with numerous Golgi regions which encircle the nucleus. They consist of long, 
flattened saccules and vesicles. The endoplasmic reticulum is vesicular. Ribo- 
somes are seen to be attached to the endoplasmic reticulum but free rihosomes 
in the cytoplasm can also be seen, as also rosette-shaped figures, and centrioles 
with cilia are noted. Lysosomes are plenty. Mitochondria are of irregular 
shapes and sizes and they are clustered around the Golgi regions. The mito- | 
chondrial cristae are irregular and scanty and the matrix is clear. 


After adrenalectomy ACTH cells were somewhat degranulated at one or 
two days, but corticotrophs with increased granulation were noted after five 
days. Mitotic figures were few. Costoff (1973) further said that, “degranulated 
somatoirophs 4 days after adrenalectomy may degenerate into chromophobes 
which in turn may differentiate into ACTH cells”. 


Adrenalectomy cells 


‘Several days after adrenalectomy, the rough surfaced endoplasmic reticulum 
of adrenalectomy cells forms dilated cisternae and they are filied with colloid-like 
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Substance, This is due to increased production of newly synthesized protein in 
the rough endoplasmic reticulum, The same feature is found also in thyro- 
ideciomy cells and castration cells. In some cells the cisternae are dilated and 
in some they are flat. Whorl-like or concentrically arranged membranes of the 
endoplasmic reticulum have been noted in some adrenalectomy cells by Kurosumi 
and Kobayashi(1966). The are smooth-surfaced which is due to detachment of 
ribosomes. These ribosomes are found in clusters in the cytoplasm near the 
whorls. They may be evidences of degeneration. 


Gosbee and Kraicer(1970) studied rat pituitary glands 1 month after 
adrenalectomy by autoradiography. Increase in the label in the cells of the 
pars distalis did not occur, instead the increase in the label was in the cells of the 
pars intermedia, They suggested that in this situation cells of the pars intermedia 
werc active and may be related to corticotrophin synthesis and _ release. 
Costoff(1973) concludes, “the evidence for the increase in pituitary ACTH 
after longterm adrenalectomy cannot be wholly accounted for by the amount of 
hormone associated with granules present in the cell identified as a corticotroph. 
It appears that the hormone is released as soon as it is formed, is stored in a 
follicle prior to release, or perhaps MSH cells or another type of cells of the 
pars intermedia produce an ACTH-like hormone". 


Costoff(1973) studied the effect of adrenal cortical blockers, adrenal steroids, 
ACTH and q-ethyltryptamine on corticotrophs. 


Racadot and Herlant(1960) and Racadot(1963) studied pituitaries of cats 
treated with amphenone and Metopirone by light microscopy. There was 
hypertrophy of corticotrophs with increased granulation. Stimulation of mammo- 
trops after amphenone treatment was also noted. Hypertrophy of corticotrophs 
in Gambian rats treated with Metopirone was noted by Quenum (1964). 
Costoff (1973) did not find increase in size or granulation of ACTH cells. 
There were different degrees of degranulation. After Metopirone treatment 
hypertrophy of the cisternae of the endoplasmic reticulum was observed. This 
_ variation in the observation is due to small physiologic doses of the drugs used. 
After amphenone treatment nuclear inclusions, greatly invaginated nuclei and 
swollen mitochondria in corticotrophs were found. Costoff thinks that these 
compounds act directly on the pituitary and the adrenal cortex. This confirms 
Steenburg’s (1965) postulation. 


Dexamethasone {realment : 


There was inhibition of corticotrophs. The small number of corticotrophs 


present were smaller in size and found to be degenerating The Golgi complex 
was found to be atrophic. Fragmentation of the endoplasmic reticulum with few 
ribosomes. was also observed, Swollen mitochondria with loss of cristae were 
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evident. The cyloplasm was vacuolated and degranulated with increase of 
lysosomes, 


Hydrocortisone treatment : 


Treatment for five to seven days showed that part of the corticotrophs was well 
gianulated. The Golgi complex was inactive. The cisternae of the endoplasmic 
reticulum were dilated in some cells and in others there were poorly organized 
fragments. Free ribosomes were noted in the cyioplasm and this indicates a 
diminishing function. Short rod-shaped or round mitochondria were found 
Lysosomes were few in number, There was no change in other cell types. 


14 davs of treatment : 


Creoke’s changes were noted in the pituitary and there was vavuolation in 
the cytoplasm. No corticotrophs were observed. Other cell types could not be 
discernea as the cell membranes could not be distinguished. 


30 days of treatment : 


Lipid droplets and vacuolated cytoplasm were the picures. Round and 
swollen mitochondria were found. Golgi complex was absent from many cells. 
Connective tissue infiltrated around capillaries. 


ACTH treatment : 


Greatly stimulated coriicotrophs were observed. “It probably acted on the 
adrenal coriex which allowed the corticotrophs of the pituitary to store their 
hermone in granules rather than secrete it". 


a-ethyliryptamine treatment : 


It prevented the release “but apparently not the synthesis of ACTH since 


Adrenalectomy + castration : 


The corticotrophs appeared to be the same as noted after adrenalectomy 
alone. Swollen mitochondria with broken cristae and increased granulation were 
noted. Large and irregularly shaped corticotrophs were not observed as is noted 
in adrenalectomized rats. Castration and lack of estrogen “prevent release of 
high level of CRF and more corticotrophin would be stored than released". 
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Gonadotrophs (figs. 6.5 and 6.6) : 


After Vanha-Perttula (1965) (rat pituitary gland) 
——ŒĈĊĈĦÈERRRRRűűÏÏÏĈ ———————— —— 








Staining Cell type Special 
Hormone (Mallory) (Herlant) feature Reference 
LH or basophil Gamma PAS: +, central Purves & Griesbach, 
ICSH round 1954, 1955, 1956 
PAS-red, peripheral Rennels, 1957, 1963 
Hildebrand 
ef al, 1957 
Immunofluorescence Midgley, 1963; 
(mun) Kofller & Fogel, 
1964; Robyn 
er al., 1964 
FSH basophil Beta PAS:+, peripheral Purves & 
Griesbach, 1954, 
1955, 1956 


PAS-purple, central Rennels, 1957, 1963 
Hildebrand et al., 


1957 
Immurofluoresceence Koffler and 
(man) Fogel, 1964 
(pig) Della Corte 

& Biondi, 1964 


pes 

FSH was thought to be secreted by peripheral, coarse granulated PAS-posilive 
cells and LH by centrally situated, larger and fine granulated PAS-positive cells 
(Purves and Griesbach,1954, 1955). Reverse location of these cells in the rat 
pituitary gland has been noted by Rennels (1957,1963), Hildebrand ef al.(1957), 
and Hellbaum er al.(1961). Some cells stained red with PAS- -methyl blue-orange 
G method and are situated peripherally in the sex-zone. With increas in LH 
activity after gonadectomy there is an increase of ‘this cell type. When PAS- 
purple central gonadotrophs increased in number, there was heightened FSH 
activity. Rennels(1963) said that differences in strain could explain a part of 


this controversy. 


Vanha-Perttula (1966) observed similar staining for FSH and LH cells, 
They could be differentiated by the alcian blue method at pH 0.2 and the aldehyde- 
thionin method. Wih the alcian blue method FSH cells are stained violet be- 
cause they have affinity for alcian blue and PAS, while aldehyde-thionin stains 
ee ceding With azocarmine-orange G method FSH-ceils are violet to certain 


sia Psi a FSH cells were distributed peripheraly in the * 


ventral part of the : gland but a large group of cells were noted in the so called 


. 





CENTRAL LIBRARY 
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sex zone adjacent to the intermediate lobe. FSH-cells are round or oval, PAS- 
positive and are grouped around the sinusoids. There are coarse granules in 
them but they leave a round Golgi zone free. Enlargement of these cells occur 
after castration and vacuoles appear in the cytoplasm after a longer time. Signet 
ring-cells appear thirty days after cavration. A large number of FSH-cells was 
noled on the ventro-caudal border of the pituitary gland ir young rats of about 
30 days of age. 


Ip the normal male and female rats LH or ICSH-cells are few in number. 
After castration and during pregnancy the number of PAS positive-cells is 
increased to a great extent. At pH 0.2 these cells have only weak affinity for 
alcian blue and remain red due to PAS. At pH 3.0 these cells are coloured, light- 
green and centrally situated bu} can be easily differentiated from the TSH-cells 
by their round or oval shape and lighter staining affinity in methods like 
teirachrome, acid fuchsin-aniline blue and azocarmine-orange G. The glyco- 
protein granules are finer than those of FSH cells. These cells are intimately 
connected to the sinusoids without forming larger groups. 


Gonadotrophic and thyrotrophic cells have a mucoid, PAS-positive compo- 
nent having affinity for aldehyde-fuchsin and alcian blue. Differences in the 
staining reaction ‘to those dyes speak in favour of different chemically reactive 
groups. By combined performic acid-alcian blue-PAS-orange G technique, 
Adams and Sweetenham(1958) could differentiate two cell types in the human 
hypophysis. The S-cells are responsible for ACTH synthesis in man. They 
are rich in cystine. Red stained R-Cells producing FSH contain much carbo- 
hydrate (Adams and Sweetenham,1958; Adams and Pearse,1959; and Sweeten- 
ham,1960). Dhom and Tietze(1962) recommended identical staining method in 
the rat for differentiation of FSH and ACTH cells. Vanha-Perttula (1966) 
could not confirm this suggesion in the rat, “it is apparent that “he staining 
with PAS and aldehyde-fuchsin as well as aldehyde-thionin in gonadotrophic and 
thyrotrophic cells is due to different material. The contribution of the sialic 
acid component of FSH (Racadot,1963; Rennels and Hood,1964; and Kennels, 
1965) to these reactions also remains to be solved”. 


FSH and LH cells can be distinguished by autoradiography and immuno- 
fluorescence mahod, 
Autoradiography : 

Tritiated proline was found to be incorporated into gonadotrophs of castrate 
animals by Ducommun(1965). After thyroidectomy more tritiated proline was 
incorporated into TSH cells Thus gonadotrophs could be distinguished from 


*H-leucine was incorporated into the gonadotrophs of castrate and 
cetrogen treated rats (Kobayashi ef al.,1967). 














Fig. 65. Electron micrograph showing a very large gonadotroph from the anterior pituitary 


of a young adult male rat, The nucleus (N), a nucleolus (nc), and the cell 
membrane (cm) are shown. 

This cell can be identified as 4 gonadotroph by virtue of its rounded contours 
and content of secretory granules igr) with a maximal diameter of approximately 
150 mu The secretory granules of gonadotrophs are intermediate in size between 
the large secretory granules of acadophils and the small secretory granules of 
thyrotrophs. 

‚A spherical chain of small vacuoles (vac) circumscribes the Golgi apparatus 
which is located above the nucleus. Elements of the Golgi complex outline a 
cytoplasmic area nearly as large as the nucleus, 

_ Mitochondria (m) which have been sectioned in various planes are also 
visible in the cytoplasm. The mitochondria of gonadotrophs are generally more 
—— ep — a denser internal background matrix than other types of adeno- 

y ysial cells. 

The endoplasmic reticulum (er) is seen here in the form of numerous vesicles 
which vary greatly in size Some are relatively small and are of size approaching 
that of the secretory granules. Others are rather large, for they measure several 
microns across at their greatest width It can be seen that the internum of the 


.' 
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Immunofluorescent technique ; 


Man — LH cells — Midgley (1963), Robyn er al. (1964), 
Bain and Ezrin (1970). 
Man — FSH and — Koffler and Fogel (1964) 
LH cells Fogel and Koffler (1964) 
Pig — FSH cells — Della Corte and Biondi (1964) 
Pig — LH cells — Pomeraniz and Simmons (1968) 
& Herlant and Ectors (1970) 
Cow « 
Rat — LH cells — Monroe et al. (1969) 


Rennels(1963) used antisera to ovine LH and FSH with the indirect immuno- 
fluorescence procedure for demonstrating two types of cells in ovine hypophyses 
which fluoresce in contrasting colours. There are indications that LH and FSH 
cells are of distinct entities, 


Nakane(1970) used peroxidase-labeled antibody procedure and found that 
some gonadotrophic cells have both FSH and LH and thus he invalidates the 
one-cell-one-hormone hypothesis. This view has been supported by the finding 
of Costoff and McShan (1969) that in the most pure fractions of pituitary secre- 
tory granules FSH and LH adtvities are associated with granules of the same 
size (average 150 mp) and density. 


Barnes(1963) studied the fine structure of the mouse adenohypophysis in 
various physiological states, 


FSH cells:These celles are located adjacent to blood vessels and are large 
rounded or oval. The granules vary from 150—%00myı in size The endoplasmic 
reticulum appears as a series of dilated sacs. These cells normally occur in two 
forms. 


Form I: The endoplasmic reticulum is not prominent. They are roughly 
circular but small. The mitochondria are rod-shaped with an electron-dense 
matrix, 


Form IH: Hypertrophied form of FSH cell: The endoplasmic reticulum is 
very prominent. They occur as a series of grossly dilated sacs of iregular out- 
line, “Lakes of relatively electron transparent amorphous material, deposits of 


vesicles homogeneously grey, and has a background density greater than 


cK appears 
that of the surroundi lasmic mat 
ee 


Gonadotrophs 
af follicle-stimula hormone oni el and Rinehart, 1954a; Farquhar ar 
Rinehart, 1955), differ from the | 
at 6.6) ed rare yer somewhat nuclei, more evenly distributed 

— — saraja raicu vdih the homogenous grey 


Courtesy of Professor M. G. Farquhar, Professor H. D. Purves, and the 
Williams & Wilkins Co. (191). 






12 
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denser granular material and membrane bound vacuoles are commonly encounter- 
ed in this form of FSH cells”. Mitochondria are rod-shaped, 

LH ceils: These are small, rounded or potygonal in shape and usually on or 
close to blood vessels, The secretory granules are electron—dense and ranges 
from 100—200ny; but smaller (75mp) and larger (300mu) granules are not 
uncommon. The ratio of cytoplasmic to nuclear volume is smaller than im 
other types of pituitary cells. They occur normally in two forms. 





i Electron mi | illustrating another gonadotroph from the anterior pituitary 

— of a — It —— Like the cell m Figure 645, this cell can be identified 

as a gonadotroph on the basis of its rounded contours, the size of its — 
ules (maximal diameter ca. 150 mir), and elongated mitochondria (m) wi 
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Form I: The Golgi apparatus is small and poorly developed. The endoplasmic 
reticulum is scattered, flattened and oriented parallel to the outline of the nuckus. 
Form IH: The endoplasmic reticulum and Golgi apparatus are more prominent 
and the cisternae of the endoplasmic reticulum are grossly enlarged. 


“No electron-dense material has been observed within the cisternae of the 
endoplasmic reticulum in either form of LH cells”. 


She also studied the female mouse from sexual maturity to senility. Poorly 
granulated FSH and LH gonadotrophs were found in the pituitary of the dies- 
trous females. Little development of cytoplasmic membrane systems could be 
noticed. There is dramatic change in the pituitary as the anima! passes from 
diestrous to proestrous. The FSH cells fill up first with secretory granules followed 
by the filling up of LH cells. Extensive endoplasmic reticulum and Golgi 
menibrane systems in FSH cells were found. In this phase of FSH secretory 
cycle cytoplasmic inclusions of varying density and vacuoles have been noted. 
The vacuoles do not contain nucoproteinaceous material. At this period the 
LH cells are well granulated but no comparable development of the cytoplasmic 
membrane sysiems is there. “By estrus both the degree of granulation and the 
degree of cytoplasmic membrane system development has begun to decrease in 
the FSH gonadotrophs whereas the LH gonadotrophs now display an arresting 
and often bizzare development of their cytoplasmic membrane sysems. This 
membrane development coincides with 2 marked reduction in the number of LH 
granules present within the cell. The involution of the FSH gonadotrophs which 
begins around estrus, continues throughout metestrus.” In the typical metestrus 
FSH gonadotroph there are some granules but the cytoplasmic membrane system 
approaches that of the diestrous FSH cell. The LH cells refill with wranules. At 
this stage considerable development of the cytoplasmic membrane systems in 
many LH cells takes place. In diestrus “both the FSH and LH gonadotrophs 
have reverted to the poorly granula’ed form in which cytoplasmic membrane 
development and secretory granulation are minimal”. 


The castrated mouse (Barnes, 1963) : 


Dramatic reaction to castration in the FSH cell occurs in both sexes by an 
elaboration of its cytoplasmic membrane system and by an actual enlargement in 


This troph differs from the follicle-stimulating hormone gonadotroph 

in re al Seas er cna Ah — 5*— (N) is —— — 
ows a deep ding, secretory granu gr) are aggregat inte clumps, 
and no large vesicles of the endoplasmic reticulum are present. In addition, there 
are a num a p <i! opin arcas visible in the —— (arrows) which 
are occupied only by a sg Anieri precipitate. endoplasmic reticulum 
ed s seen here in the for orm of tiny tubular profiles Gonadotrophs with these 
have been associated bit With divs secretion ol luteinizing hormone or inter- 
cell-stimulating hormone (Farquhar and Rinchart, | Farquhar and 


A portion of an aci il (A) with larger secretory granules is present above 


Ru 
rtesy of Professor M G. Farquhar, Professor H. D. Purves, and the 
Williams & Wilkins Co, (1961). 
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cellular volume, The reaction of the LH gonadotroph to castration is similar bul 
less intense and slow to develop. The FSH and LH cells show the hypertrophic 
Form II as are found in normal mature animals. Their number increases after 
castration and this may be due to differentiation of new cells or increased volume 
of pre-existing cells. 


5 weeks after castration FSH gonadotroph shows increased granulation. 
Intense ramification of the endoplasmic reticulum throughout the cytoplasm 
occurs and the dilated cisternae show densely studded RNP particles on their 
exterior surfaces. In the cytoplasm there are lakes of relatively electron, trans- 
parent amorphous material, dense granular material and lipid inclusions. The 
mitochondria possess fine electrondense granulation associated with the mito- 
chondrial cristae. In the LH gonadotroph increased number of secretory granules 
are found with increased development of the endoplasmic reticulum and the 
Golgi apparatus. “The presence of numbers of cither amorphous or granular 
cytoplasmic inclusions of varying electron density is characteristic of FSH 
castration cells, while LH castration cells rarely possess them. The presence 
of endoplasmic reticulum profiles of irregular shape, heavily encrusted with RNP 
particles is characteristic of the FSH castration cell; the presence of relatively 
smooth surfaced, small, circular endoplasmic reticular profiles is characteristic of 
the LH castration cell.” 


Farquhar and Rinehart(1954) studied the pituitary glands of female rats at 
different periods after ovariectomy. Two types of basophils responding differently 
to castration could be identified. One type had an increase in mitochondria 
and granules initially followed by vacuolation with loss of granules. 75 days 
after castration signet ring cells appeared having a peripheral rim of cytoplasm sur- 
rounding one or more large central vesicles. This type of cell is responsible for 
FSH secretion, Different type of change was noted in the other basophil cell type 
which is responsible for LH secretion. This cell) type shows filigree appearance 
of the cytoplasm with vacuolation. 


Girod (1966) summarised electron microscopic observation of the pituitary 
gland of the monkey and other species, 


Gonadotrophic cells were studied by Roos (1958) throughout the estrous 
cycle in the rat. At the height of diestrus FSH cells were degranulated when 
there is wave of follicular growth taking place. FSH cells degranulated during 
the afternoon of proestrus. LH cells degranulated during the morning of 
proesirus and a peak was achieved at 4.00P.M. which is the critical period of 
proestrus. The second surge of FSH occurs during the critical period at tha 
same time as LH. The LH cells are centrally located. 


Kurosumi and Oota(1968) identified LH and FSH cells. They produced 
persistent estrus and diestrus in rats by giving estrone at birth for five and | 
thirty days respectively. Well developed Graafian follicles without corpora lutea * 
in the ovaries of persisient estrus rats after 5 months were detected, In these 
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animals the pituitary had well granulated LH cells with sparse granulation in the 
FSH cells. Suppression of the release of LH granules in persistent estrus 
happened. Atrophic FSH cells were noted in the persistent diestrus rat and the 
LH cells looked like those in the controls. In the ovaries of these animals 
there were follicles with plenty of well developed interstitial tissue. 


Yoshimura and Harumiya (1965) noted the FSH granules to be 150 to 200mu 
in diameter and LH granules were 200-250my in diameter. 


Costoß's study (1973): 


FSH gonadotroph: ‘This is the largest cell found in the male rat pituitary 
gland. In the male they are 30%, in the female only 10%. The FSH cells are 
round and located on a capillary. The nucleus is either round or indenicd. 
The granule diameter is 126mj: on an average. Large amorphous bodies are 
scattered throughout the cells. The diameter of these light-staining bodies varies 
from 0.7tol.2, in diameter which are formed in the Golgi complex. They have 
been noted also by Farquhar and Rinehart (1954), Cardell (1961) and Kurosumi 
and Oota (1968), 


Hypertrophic Golgi areas encircle the nucteus. The mitochondria are 
filamentous rods of different shapes. Cristae are continuous and parallel. In 
hyperirophic FSH cells the endoplasmic reticulum is more irregular with dilated 
sacs. Lysosomes, multivesicular bodies, centrioles and sometimes a cihum can 
also be seen, 


LH gonadotroph: 20% of the female rats and 5 to 10% of the males possess 
these cells. which are situated anteromedially in the pituitary. The cells are 
lccated on a capillary and are larger than thyrotrophs. They are polygonal in 
shape with ecoentrically placed nucleus. The diameter of the granule is 145mp 
on an average. Large amorphous body could be detected in this cell type. In 
the inactive state the Golgi apparatus and endoplasmic reticulum are incorspicucus 
In actively stimulated cells Golgi areas are extensive and the granules are in 
the different stages of formation. The membranes of the endoplasmic reticulum 
give attachment to the ribosomes but many remain free in the cytoplasm, 
Mitochondria are short, rodlike or rounded. There are few lysosomes, cilia and 
centrioles, 


Changes in estrous cycle: 


FSH gonadotrophs: At middiestrus these cells are small, poorly granulated 
and have poorly developed endoplasmic reticulum with few ribosomes attached 
to them, At proestrus granules are more in number, rough endoplasmic 
reticulum is present and Golgi complexes are active, At midproestrus these 
cells are filled with granules and large bodies. Endoplasmic reticulum and 


plexes are well developed. During late proestrus and early estrus 
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degranulation of the cells took place and they appeared vacuolated and chromo- 
phobelike. During mecestrus FSH cells were degranulated and in early diestrus 
granulations were again noted. 


LH gonadotrophs: At diestrus these cells are well granulated and the 
endoplasmic reticulum and the Golgi complexes are active. During midproestrus 
LH cells start degranulating and at the critical period, estrus there is full degra- 
nulation. At metestrus the endoplasmic reticulum and Golgi complexes are 
again active and during diestrus there were plenty of granulations, Costoff (1973) 
remarks “It would appear, therefore, that both gonadotrophs degranulate during 
the critical period.” 


Gonadotrophs after castration in rats: 


FSH cells did not suffer much change. LH cells began to hypertrophy one 
week after castration and fusion and hypertrophy of vesicles or vacuoles of the 
endoplasmic reticulum took place after 14 days. After one month of castra- 
tion, transformation of majority of LH cells into signet ring castration cells was 
observed. Large vacuoles or lakes were filled with PAS-positive colloid-like 
material containing LH. 


Light-staining amorphous bodies : 


These bodies are frequently found only in the FSH cells but not always. If 
they are not met with then at their locations large vacuoles in the endoplasmic 
reticulum couid be found. They looked darker after glutaraldehyde fixation. 
Light bodies were not noted in the pituitary glands of castrate rats but more 
dense bodies having the characters of lysosomes were found instead. It is possible 
that these lighter bodies may fuse with other vesicles to be transformed into 
lysosomes. Cardell(1961) noted similar large bodies in the salamander pituitary. 
These bodies disappeared at the breeding season when degranulation of gonado- 
trophs occurred. Cardell thought that these bodies might represent secretory 
granules or they are lysosomes. Her'ant(1965) considered that these bodies are 
el ycoproteinaceous and PAS-positive. Nakayama er al.(1970) noted these bodies 
in the Golgi zone. They thought that the bodies are formed either in the Golgi 
apparatus or by the fusion of small secretory granules. Hormones may be stored 
in these bodies. Costoff (1973) states that the large granule fraction does not 
show any gonadotrophic hormone activity and “it appears unlikely that these or- 
ganelles are secretory granules." These bodies may be pre-FSH which are 
transformed into FSH, comparable to procorticotrophin being transformed into 
corticotrophin, 


Chromophobes 


Pituitary tumors may be acidophilic, basophilic or chromophobic. Signs 
ee Beer Bee re mos Senne en 
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Chromophobic adenomas are quite common in old ages of animals of certain 
species and strains. 


Experimental production of pituitary tumors has been discussed by 
Furth(1955). These tumors are mostly chromophobic. Chromophobic adenomas 
have been studied by Schelin(1962) in man and by Holmes and Mandl(1961) in 
the rat. The cell contains fine granules and may be a corticotroph. 


Rinehart and Farquhar(1953) said that many cells which were chromo- 
phobig, to light microscopy were actually poorly granulated cells. 


Severinghaus(1932, 1933) siated that in the rat the Golgi apparatus of the 
acidophil cell class has a different form when compared to that of the basophil 
cell class. It forms a net-like cap over one pole of the nucleus in the acidophil 
cells. In the basophil cells it is a spheroidal body situated in the cytoplasm at 
a distance from the nucleus. Foster(1947) confirmed these findings by Sudan 
black staining method. In the chromophobic cell class some Golgi bodies take 
up the characters of granulated acidophils while others take up the characteristics 
cf granulated basophils. This proves that chromophobic cells are not undiffe- 
rentiated “rather they censist in part at least of temporarily nonfunctioning but 
specifically differentiated cells” (Purves, 1961). 


A relationship between chromophobes and chromophils was established by 
Severinghaus(1939), Embryonic parenchymal stem cells differentiate into acido- 
philic and basophilic chromophobes in the embryonic gand. These differen- 
tiated chromophobes then convert into respective chromophilic types. On 
degranulation, these chromophilic cells go back to their chromophobic state, 
only next to differentiate into respective chromophilic types. 


Wolfe and Brown(1942) found that in rats treated with estrogen there was 
enlargement of the Golgi body of acidophil cells and they became more or less 
spheroidal in shape and thus these cells could not be differentiated from the 
basophils by looking only at the Golgi body. This change of the Golgi body 
from a paranuclear nei to a rounded body is also met with in castration studies 
when the acidophil cells diminish in number and size. 


Deminatti(1959) noted that increase in the secreiroy granules was associated 
with a decrease of cytoplasmic RNA and suggested thal increased protein 
synthesis may take place in chromophobes and a storage phase is characterized 
by presence of granules. 


Severinghaus (1937) clarified the position of amphophils i.e, cells which have 
acidophilic and basophilic staining properties, in relation to his earlier ovserva- 
tions of 1933. Highly active basophils may be mistaken for acidophils as with 


„ increased activity the basophilic granules diminished. Mitochondria of these 





c cells are stained with acid dyes and they now may be considered as 
> cells. But such cells are found in pathologically affected pituitary 
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glands, Differentiation of acidophils and basophils from chromophobes is a 
reality. 


At the ultrastructural level Fernandez-Moran and Luft(1949) described the 
chromophobic cells. These cells had a vesicular nucleus and the cytoplasm was 
rather clear with a few mitochondria. 


Costoff(1973) classified the chromophobes into small, medium, stellate and 
follicle types. 


Small chromophobes : j 


The cytoplasm of these cells was little and surrounded the nucleus. 
Costoff(1973) said that these cells were smaller than thyrotrophs without any 
granule. A few rough endoplasmic reticular vesicles, some free ribosomes, and 
a few mitochondria with incomplete cristae are present. The Golgi area is 
absent, These cells may be inactive stem cells. 


After adrenalectomy the small chromophobes decreased in number while the 
large chromophobes increased (Siperstein,1963). The large chromophobes were 
active cells incorporating more labeled amino acid than other cells. These are 
adrenalectomy cells. Larger chromophobes grow from smaller chrumophils with 
fine granules (ACTH cells). Thus the small chromophobes change into chromo- 
phils. Severinghaus(1937), Ezrin er al.(1959) and others supported this conver- 
sion, Differentiation of isolated chromophobes into acidophils and basophils 
happened when transplanted into the hypophysiotrophic area of the hypothalamus 
of hypophysectomized rats (Yoshimura ef al,,1969). Differentiation of chromo- 
phobes into chromophils also happened in foetal rabbit pituitary glands 
(Schechter, 1971). 


Medium chromophobes : 


These cells have been noted by Costoff after castration or adrenalectomy 
and they differentiate inte gonadotrophs and corticotrophs. The cytoplasm is 
two to three times more than noted in the small chiomophobes, A Golgi com- 
plex (inactive) and many free ribosomes are found in the cytoplasm. Tew 
lysosomes are present but there are no granules. Costoff(1973) thought that the 
pseudochromophobes were very active cells or degranulated chromophils. 


Foilicle cells : 


Ultrastructurally these cels were described by Farquhar(1957). After 
hemiadrenalectomy the size of the follicle and the amount of colloid increased. 
‘These cells may produce ACTH. But Farquhar er al.(1975) stated that corti- 
cotrophs and follicular cells are distinct entities. Bames(1961) and Kagayama 
(1965) described these cells in the mouse and dog respectively. The cytoplasmic 
processes of the stellate follicular cells in dogs contact with the perivascular spaces “ 
and they are thought to have a sustentacular function. The granules are of 200 my 
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in diameter. These cells appear in groups surrounding colloid-filled follicle 
in rats (Costoff,1973). The chromophobic cells have microvilli and cilia and 
desmosomes or adhesive contact areas beiween follicle cells. Costoff called these 
as pseudofollicles because there is no basement membrane surrounding the folli- 
cular wall. The cilia are of 9+2 fibre pattern. Costoff could not attach exact 
function to these cells but possibly they may be involved in ACTH synthesis. 


In different experimental situations, Vila- Porcile( 1972) and Dingemans and 
Feltkamp(1972) found morphological changes in follicular cells of the rat and 
mouse fespectively. The latter authors suggested that the response is in relation 
to the incorporation and digestion of waste product. These follicular cells have 
a phagocytic function, 


. Farquhar er al,(1975) conducted in vitro studies on follicular cells and studied 
their role in phagocytosis of cells and cell debris. The phagocytic function of 
the follicular cells was previously reported by Farquhar(1971). They said that 
the long arms of the follicular cell normally extend between and surround the 
secretory elements, now encircle the damaged or dead cell. The arm collapses 
on it and subsequently puts it into the large phagocytic vacuole in the follicular 
cell cytoplasm. The process is similar to that noted in the octopus pulling its 
prey by the tentacles or that noted in an amoeba engulfing its food by pseudopo- 
dia. Acid phosphatase tests indicate that the phagocytic vacuoles have lysosomal 
enzymes which are capable of digesting the phagocytosed material. The energy 
requirement is satisfied anaerobically by their glycogen reserves or the presence 

ij of glucose in the medium. Dingemans and Feltkamp(1972) found phagocytosis 

ee E Betas pichari abr radiothyroidectomy, 

castration, adrenalectomy, and transplantation of the pituitary to the kidney 

capsule, Extracellularly discharged lysosomal residues may be picked up and 

road Gh Eor AOAR eal. 1975). So the follicular system 

acts as a Scavanger system. There may be additional functions as yet unknown 
of these unusual cells, 


The cell coat composed of sialic acid groups is thicker on the luminal than 
on the remainder of the follicular cell surface. 


Stellare cells 


_ Vils-Porcile(1972) extensively reviewed the folliculo-stellate cell and studied 
” the cells ‘an. ‘the follicles in the pars distalis of the rat. They have also been 
studied in detail in different vertebrates — Ball(1974). 
<= de 
se cells | ic projections in the rat (Costoff, 
de size of he els medium Seien vances of endoplasmic re, 
Sp SEDO d Golgi complex have been noted. These are 
© werner cells and lysosomes- are tare. Rinehart and Farquhar (1953, 1955) 
y A aaa celle in the cal. Bi mes(1962 in the mouse, Saltızar(1963) in the 
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Della Corte et al.(1968) in the lizard (Lacerta sicula), Cardell(1964, 1969), 
Masur(1969), Bunt(1969), Compher and Dent(1970), Hopkins(1970), Nakai 
and Gorbman(1969), Doerr-Schott and Follenius(1970) in pars disialis and pars 
intermedia of amphibians, Knowles and Vollrath(1966) in Anguilla, Vollrath (1966) 
in the elver pars distalis, Leatherland(1969, 1970), Abraham(1971), Hopkins 
(1969), Weiss(1965) and Follenius(1968) in teleosts, Mellinger(1969), Alluchon— 
Gerard(1971) in elasmobranchs, Fernholm and Olsson(1969) in myxinoids, and 
Harrison and Young(1969) in the dolphin. 


Cardell(1969) found these celss throughout the pituitary having contact with 
all secretory cells in the pars distalis and having a sustentacular function in 
salamander. 


Schechter(1969) considered the stellate cells to have a supportive function 
structurally or metabolically. After administration of metopirone, hypertrophy of 
only the organelles of stellate cells was found. No granules could be detected 
in these cells. They have a supportive function. Subsequently, Schechter(1971) 
thought that the coriicotrophs may arise from stellate cells. 


Holmes and Ball (1974) studied the importance of the stelfute cells. These 
cells have been found in most classes of verttbrates. They have been 
noted in Myxine and in the proximal pars distalis of lampreys. In clasmo- 
branchs the pericavity cells which line the spaces of the adenohypophysis are 
probably part of the folliculo-stellate cell system. These spaces are equivalent 
to the hypophysial cleft. In the teleost pars distalis the neck cells and the inter- 
sitial cells may be equivalent to stellate cells. They may form pseudofollicles 
containing extracellular colloid, as is found in the rat, or the processes of the 
bodies are peripherally situated in the gland. z 


Typical stellate cells have been described in amphibia and reptiles in 
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Pars tuberalis 


The pars tuberalis (Pars infundibularis adenohypophyseos of German authors) 
develops from the lateral lobes and is in close contact with the median eminence 
usually covering the same. The pars distalis probably always includes the 
proximal parts of the lateral lobes. Wingstrand(1966) said, “In some birds and 
some reptiles these basal parts of the lateral lobes can be seen in the adult 
gland as a band of cells, different from those of the pars distails proper. This 
part was called pars tuberalis interna (Wingstrand, 1951) to avoid confusion with 
the zona tuberalis, which has a different and seemingly variable embryonic 
origin and is dependent on the action of the portal blood. In monotremes, 
birds, and many reptiles, the following part of the lateral lobes bridge the gap 
between the adenohypophysis and the median eminence and usually fuse to an 
unpaired string around the portal vessels. This String was called the porto- 
tuberal tract by Benoit and Assenmacher (1951). In lizards and snakes there 
is no epithelium in this string, which consists exclusively of portal vessels and 
connective tissue, It is then called pars terminalis, although Gisi(1907) used 
this term for ihe structure in Sphenodon, which contains epithelial tissue”. 


The pars tuberalis is formed by cellular cords and follicles containing 
colloid and traversed by connective tissue. The cells are usually chromophobic 
but there may bè chromophil cells, 


Cameron and Foster(1972) described two main types of cells in the rabbit 
° by electron microscopy. The commones. type of cell contains 100nm cytoplasmic 
granules and plenty of polyribosomes. The second type consists of interstitial 

cells having clongated processes which encircle the first type of cells. 


Gonadotrophic function was ascribed to this zone by Berblinger(1941) and 
TSH cells were noted by Kutas(1958). This zone may synthesize ACTH in dogs 
(Finerty and Keller, 1961). Fand and Thorell(1962) found TSH, FSH. LH and 
possibly ACTH cells in this zone by histochemical methods. In man some cells 
of the pars tuberalis have reaction with human chorionic gonadotrophin anti- 
bodies (Midgley,1963). It was concluded thai some LH cells were present. 
Midgley(1966) and Dubois(1970) had evidences to suggest that LH cells are 
present in the pars tuberalis of human and bovine pituitary glands. Immunohis- 
tochemically LH gonadatrophs were found in groups in the pars tuberalis and 
they continued upto the superior surface of the anterior lobe. In the pars dis- 
talis these cells were single and not in groups and the extent of staining was also 
less “compared to those in the pars tuberalis. Legait(1969) injected prepubertal 
rats (male and female) with homogenates of pars tuberalis and found a decrease 
in the volume of the pars tuberalis, stimulation of testicular interstitial tissue in 
ge male and of ovarian luteal tissue in femalss and concluded that pars tuberalis 

‘secretes LH, In the rat pars tuberalis consists of two parts (Legait and Contet, 

1969), Gonad are in excess in one part, whereas in the other part the 

'pond — ere acidophils and chromophobes. After castration or 











toc COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


during gestation the gonadotrophs hypertrophied with the increase in the volume 
oi the pars tuberalis, Ulrastrucivrally, the remnant of pars tuberalis after 
hypophysectomy in rats contained FSH and ACTH cells (Stutinsky ef al., 1964). 

Costoff(1973) found STH, LTH. eonadotroph-like (LH) cells and few TSH 
celis and chromophobes in the pars tuberalis of the rat. He says, “It appears 
that the pars tuberalis might serve an important funcion in governing the gonads 
and even producing ACTH but these postulations remain to be established”. 

Pars intermedia j 

It ıs found in most mammals but not in all (fig 6.7). It is present in amphi- 
bians and reptiles and absent in birds. The function of MSH is known ın amphi- 
bians and fishes but its function in mammals is little known, Legait( 1964) and 
Wingsirand(1966) reviewed the pars intermedia in greater details, 
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Purves(1961) diagramatically represented conventionalized mammalian hypo- 
physis showing the divisions, componenis and parts. The pars tuberalis is formed 
by the adeno-eminence and adeno-stalk. The hypophysial cleft divides the ade- 
nolobe almost completely into an anterior lobe and an intermediate lobe (figs. 6.8, 
6.9). In many mammals the anterior lobe is entirely composed of pars anterior 
lissue and the intermediate lobe is entirely composed of pars intermedia. In most 
mammals and in most other terrestrial ver.ebrates (except birds), Rathke’s pouch 
üdheres to the neural component during developmeni, In the adult, Rathke's 
pouch persists as hypophysial clef: and so the adenolobe can easily be separated 
into two parts. The intermedia.c lobe is that portion of the adenolobe which is 
adherent to the neural lobe. The pos.erior lobe is formed by the adherent 
neural and intermediate lobes. The remaining portion of adenolobe is the 
anterior lobe. During development obliteration of the cavity of Rathke’s pouch 
occurs in whales and porpoises and in the armadillo, manatee, elephant, pangolin, 
beaver, and the whole class of birds, and so there is no hypophysial cleft. 
Adenolobe is not adherent to the neural lobe in all these animals and these two 
structures can be easily separated from one anoiher. “This is not a separation 
into anterior lobe and pos.erior lobe, which terms are not applicable to this 


type of hypophysis”. 


The pars intermedia (a pari of the adenolube adjacent to and adherent to 
the neural lobe) in some species is co-extensive with the intermediate lobe. In 
some (the sheep and the ox) it is less extensive than the intermediate lobe and 
the remainder of this lobe consists of pars anterior iissus. “Such a detuched 
portion of the pars anierior is known as a cone of Wulzen”. In the cat “the 
pars intermedia is more extensive than the intermediate lobe, and extends 
somewhat into the anterior lobe’. 

The cone of Wulzen is found in the pituitary of the ox and the sheep. 
Hanström (1966) said that this attribwe is a remarkable prolongation of the 
pars intermedia into the hypophysial cleft. It possesses acidophils and basophils 
which are similar to the cellular population of the pars distalis. Hanstrom 
states, “On account of its position far from the embryonic neural lobe, the 


7 Electron micrograph showing a field of cells from the pars intermedia of the rat 
© — The plane of section passes through the nuclei (N) of four of the cells, 
ee coms, tie Serge at several, a calle: Frahenitee” The cell mem- 
branes stand oul prominently 
—— are feen to fit together like a mosaic, and they all show a similar 
Their cytoplasm contains relatively few secretory granules (er) and 
-hondria (m). Te endoplasmic reticulum (er) is present in the form of tiny 
ve | ‘with occasional tubules. Elements of the Br complex (6) 
several areas. In these cells the dense, paired Golgi membranes an 
tre vib oe over Golgi —* which are not seen at all in this field. 
‘of Professor M. G. Farquhar, Professor H. D. Purves, and the 
sins Co (1961). 














Fig. 6.8. Median Sagittal section through the hypophysis of 


human embryo (44mm). The anlage of the pars 
intermedia has started to proliferate 

Bo = Floor of the hypophysial cavity ; 

Hh = Hypophysial cavity (cleft) ; 

Nh = Neurohypophysis; Pi. — pars intermedia : 
Pt = Anlage of pars tuberalis: Ri. = Recessus 
infundibularis, Bouin. Paraffin ] 
Hemalum—eosin. Enlargement 1.75 

From B. Romeis (1940). Courtesy of Springer- 
Verlag. 





P = Perichondrium = Subsequent periosteum : 
Pi. = Pars intermedia; Pt = Pars tuberalis ; 
Sa — Subarachnoidea! space, Hemalum—eosin. 
x Lat Pal iy B. Romeis (1940). Courtesy 
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peculiar histology of the Wulzen’s cone may be explained by the fact that part 
of the connective tissue in the vicinity of the embryonic hypophysis invades the 
space between the neural and glandular lobes in the region of the cone and 
probably prevenis the action of the formative influence of the saccus infundibuli 

* on the region of the intermedia furthest from it. Consequently the cone does 
not assume the epithelial sirugture of the main par of the intermedia but 
develops histologically in the same direction as the pars distalis .......... The 
only mstances of cone-like struciures in other mammals are found in the pituitaries 
of th¢ lesser panda (Ailurus fulgens) and the Florida manatee (Trichechus 
manatus) (Figs 6.10, 6.11, and 6.12). 


There is no pars intermedia in man, whales, porpoises, armadillo, manatee, 
elephant, pangolin, beaver, and in the whole class of birds. 


Purves(1961) studied the staining reactions of pars intermedia cells. The 
granulation in the cells is PAS + and so it appears to contain glycoprotein. It 
is also stainable by aldehyde-fuchsin without prior oxidation. The intermedia 
cel] granulation is of glycoprotein character in ihe bat(Herlant, 1956) and in the 
frog (Ortman, 1954, 1956). In both the species the granules are aldchyde- 
fuchsin +. Similar staining reactions of the granules of pars intermedia cells 
have been observed by Purves(1961) in the cat, dog, sheep, deer, and rat, 
Intermedia cells are typical basophil cells having granules with a content of 
soluble glycoprotcin. In the rat the granules are more aldehyde-fuchsin + than 
PAS +. With trichrome staining methods the granules are blue or purple 
(Romeis, 1940). 


In the human hypophysis intermedin was found in high concentration in the 
anterior lobe but the same was entirely absent from the neural lobe tissue. 
High concentration of intermedin was however, noted in areas of neural lobe 
having invasion of basophil cells (Morris ef al.,1956). In human hypophysis 
intermedin is secreted by cells containing glycoprotein. These invading cells 
stain with aldehyde-fuchsin and take a red or purple shade from the trichrome 
counter stain, Purves(1961) stated, “In man this intermedin secreior is heavily 
granulated and stains sirongly by PAS or by trichrome methods, as does the pars 
intermedia cell of the cat”. 


_ Wingstrand (1966) reviewed the Microscopic anatomy, nerve supply and 
ot: lood supply of the pars intermedia. Peremeschko(1867) described the pars 
intermedia as ape medullary zone(Markschicht) situated between anterior and 
posterior lobs of mammalian pituitaries, He used unstained thick sections. “In 

| ee rae Be mammalian intermedia as an Epithelsaum, 
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Fig. 6.10 Schematic representation of median sagittal section through the hypophysis of 


different vertebrates. Coarse dot = Pars anterior; Fine dots = Pars tuberalis; 

Pars intermedia is black: The brain and its parts are vertically hatched and 

Übergangsteil is obliquely hatched. (a) Ox, after Atwel and Marinus (1918) ; 

W-Cone of Wulzen. (b) Balaenoptera sibbaldii, after Wislocks and Geiling 

(1936, Fig. de); D=Dura; dk=dural covering; sR=-Subdural space. 

(c) Opossum after Dawson (1938. Fig. 3): Pic: Pars intermedia (thin epithelial 

lining) ; Pt=Pars tuberalis; Zt—Zona tuberalis (d) Duck after de Beer (19%, 

Fig. 26). 

(e) Tortoise after de Beer (1926,) Fig. 39). 

(f) Lacerta viridis (male). Hh=Rest of hypophysial cleft in the pars intermedia. 

S = Connective tissue filling up the space between anterior lobe on one side 

and derivatives of the brain and pars intermedia on the other. X 1:15, 

(g) Anolis carolinensis after Poris and Charipper (1938, Fig. 1D) 

(h) Coronella austriaca after Stendell (1914, Fig. 28) 

(i) Thamnophis radix after Siler (1936, Fig 1); Bg = Strings of connective 
tissue = Pars terminalis: 

(k) Rana esculenta (female). Paramedian sagittal section through the pars 
tuberalis (Pt). X 1:15. 

(1) Esox lucius after Sterzi (1904, Fig. 3) ; 
iy = Übergangsteil ; 

(m) Gasterosteus aculeatus after Bock (1928, Fig. 2) ; 

Rh — Recessus hypophysius; U = (Ubergangsteil : 
ae = Anterior lobe, chromophilic part: Vb = Anterior lobe, chromophobic 
part. 

(n) Anguilla vulgaris after Stendell ( 1914, Fig. 41) ; 

Sv = Saccus vasculosus. 

(O) Polypterus ornatipinnis after Gerard and Cordier (1937, Fig. 2: 

A = Opening of buccopharyngeal canal; P = Parasphenoid ; 
Sy = Saccus vasculosus. 

(p) Seyllium canicula combined after Stendell (1914, Fig. 65) and de Beer (1926, 
Fig. 83); Sv = Saccus vasculosus; Vs = Ventralsac. 

(q) Raja after Howes (1936, Fig. 3); a—c = Pars anterior a = basophilic, 
b = chromophobic, c = oxyphilic zones; Sv — Saccus vasculosus; Vs = 
Ventral sac, 

(r) Petromyzon fluviatilis after Stendell (1914, Fig. 18). 


(s) Myxine glutinosa after Retzius (1895, Table VII, Fig. I) and Stendell (1914, 
Fig. 40) ; Bg=connective tissue; Ih = Infundibular cavity; VI = anterior 


From B. Romeis (1940). Courtesy of Springer-Verlag. 
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Fig. 6.11. a-f. Semischematic sagittal section through the hypophysis of different laboratory 
animals. Coarse dots — Pars anterior, Fine dots — Pars tuberalis. Black = 
Pars intermedia Vertical hatchings = Brain and its derivatives. 
. (a) Mouse, aged | yr, male. X 1:35. 
(b) Rat, | yr, male, X 1:13. 
(c) Geinea pig. 1} Yrs, male. Hh = Rest of hypophysial cleft ; 
pnUz = paraneural Umschlagszone. X 1:13. 


© (d) Rabbit, 2 Yrs, male. GBg = Area containing vascular and connective tissue. 
X 1:13. 


(e) Pigeon, | Yr, male Pt = Pars tuberalis. X 1:21. 
(f) Cock, 2 Yrs, male. X 1:13. 


From B. Romeis (1940). Courtesy of Springer-Verlag. 


Fig. 6.12. Schematic median sagittal section through the hypophysis of different 

groups. Pars intermedia is absent in 1-4, 

(1) Bird hypophysis—cexample—Garrulus glandarius ; 

(2) Tachyglossus setosus (Monotremota, rudimentary pars intermedia. After 
Wingstrand and Hanstriém,1951) ; 

(3) Whale hypophysis (Tursiops ;after Geiling,1936) ; 

(4) Indian Elephant; Zav — Zona neurovasculosa ; 
There are three different hypophysial types according to Smith-Agreda 


` and Spatz, In the Ist and 2nd types the pars intermedia is scen on the 
ventral aspect of the posterior lobe. In the third type the pars intermedia 
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us (Hapale) ; (11) Macaca mulatta ; 

= Chimpansee and Oran (Kohne, 144 and Hanstrom, 
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Fig. 6.12 
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The basement membrane, capillaries and conneciive tissue fibres are situated 
between the intermedia and the neurohypophysis. The plexus intermedius of 
Benda is attached to the basement membrane, In simple type(Lothringer type) 
capillary loops or arches do not usually penetrate into the intermedia from this 
basal plexus but they are more frequently noted in thick or lobulated intermedias. 
Single layered intermedia has been found in the gecko Tarentula by Wingstrand 
and also in some marsupial mammals. In mammals, lacertilians and in some 
chelonians the stratified intermedia consists of two or more cell layers. The 
marginal zone faces the clefi. In the rat the cells of this zone are non- -granulated, 
flattened or cubical. Wingstrand(1966) found similar feature in the lizard 
Anguis. In carnivores (dog, cat and fox) the cleft-cells are ependymalike and 
are attached to the basement membrane (Romeis,1940). The smooth juxta- 





mschlagszone ; 
of the tuber cinereum ; Hh = Hypo- 


or the entrance of the Inferior Hypo- 


Umschlag ; 
the ventral nasal Umschlagszone ; 
is ; 
tuberalis ; 
— Intermediate lobe; The anterior 
pars tuberalis is with fine dots 
Dog (male) aged 1} Yrs and 
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zone is also known as nasale Umschlagszone or zona rostralis (fies 6.13, 6.14a, 
6.146). The pars rostralis of the rat is more vascularized and more lobulated 
than other parts of the intermedia und it rapidly responds to external stimuli, 


Stratified intermedias with no or moderate lobulstion have been noted in 
many mammals (Omithorhynchus, insectivores, Tupaia and primitive primates, 
many rodents, some Xenarthra, and many carnivores) and many reptiles 
(Sphenodon, many lizards and some chelonians). 


Nonlobulated intermedia is found in Amphibians and the cyclostome Petro- 
myzon, The intermedia is practically nonvascular. The compact intermedia is 
surrounded by basement membranes, covered by a plexus of capillaries or 
sinusoids, 
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and chondrichthyes (sharks and rays) has compact lobules, intermingling with 
Ihe processes of the neurohypophysis Intermingling between the intermedia 


and the pars distalis is frequently seen in mammals with an obliterated hypo- 
physial cleft 


[he membrane between the intermedia and the neural lobe shows some 
defects in many vertebrates and the intermedia cells spread into the neural lobe 
through these openings This is a normal feature of the human pituitary. Such 
invasipn has also been found in most orders of mammals Legan and Legit 
(1962) thought that intermedia cells actively invade the neural lobe in some 


rodents in response to osmotic stress 


ar 





r 


Fig. 6.146. Median sagittal section through the nasal part (nasalen Teil) of the hypo- 
physis of a kirten. Be = Connective tissue strip: dE Distal ep helial 
lining of the hypophysial cleft; Hat Hypophysial stalk ni Nasal 
Umschlag of the hypophysinl cleft: pnE parancural epithelium of the 
hypophysial cleft: Pt — Pars tuberalis ; VI Anterior lobe. Male kitten. 
aged 8 days Paraffin 15, Hemalum-Eosin. X 1:102 


From B. Romeis (140), Courtesy of Springer-Verlag 


Wingstrand(1966) stated, “The intermedia of the embryonic human pituitary 
is a typical, multilayered epithelium on the neural lobe, separated from the pars 
distalis by a cleft. After birth, the clef. is usually reduced to a zone of dis- 
continuous lumina, the Rathke's cysts. The epithelial cover on the neural lobe 
undergoes regressive development, so only w thin, discontinuous layer, one or a 
few cells thick, is present in ihe adult, The zona rostralis is evaginated into 
several hollow lobules in the embryo but is reduced in the adult to a group of 
small cysts in the angle between the neural lobe and the infundibular stem 
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The limits of this vestigial human intermedia fade out by extensive inter- 
mingling with the pars distalis and by invasion into ihe neural lobe. Therefore, 
a distinctly delimited pars intermedia can hardly be recognized in the adult 
human pituitary, and the majory of recent authors follow Romeis’(1940) 
Suggestion and call the modified zone along the neural lobe Zona Intermedia.” 


The human intermedia shows the following fea ures. These are indicated in 
the higher primates but rare in the majority of mammals (Hanstrom, 1957) : 
(1) extensive invasion of basophilic cells into the neural tobe: (2) frequent 
occurrence of different kinds of cysts; (3) development of tubular glands» and 
(4) high incidence of lymphoid infiltration. The cys's were classified by Romeis 
into four different types: (1) Rathke’s cysts: (2) cysts formed by evaginations 
of the zone rostralis; (3) glandular cysts; and (4) pseudofollicular cysts. 


Two types of cells were identified by Lathringer (1886) in the intermedia 
of the dog: (1) rounded glandular cells: and (2) slender. ependyma-like cells, 
Romeis(1940) called the slender cells undifferentiated intermedia cells. The 
marginal cleft cells in rodents are also undifferentiated cells according to Romeis. 
He distinguished the hyperchromatic dark staining cells from the common 
intermedia cells, 

Innervation 


In the mouse nerve fibres entered the iniermedia from the lobus nervosus 
and ramified among the glindular cells (Ramon y Cajal, 1894). Similar 
feature was subsequently found in different mammals and man. Different types 
of intra and extracellular nerve endings in the form of knobs, bulbs and peri- 
cellular nets were observed with silver techniques. Neurosecretory fibres and 
neurosecretory material(nsm) are found between the cells of the mammalian 
intermedia. Electron microscopic studies have subsequently proved the presence 
of fibres with typical neurosecretory granules and bulbs(as seen in silver prepar- 
tions) (Kurosumi er al., 1961.) 


Intermedia was found to be innervaled in non-mammalian vertebrates in 
silver preparations and after using stains for neurosecretory material. The 
nerves are said to be inhibitory in action, Increased MSH secretion and 
blackening of the animal associated with increased growth has been found after 
lesions or transplantations leading to interruption of the hypothalamic innervation 
of the amphibian intermedia. Recent experiments prove the presence of 
secreiory nerves which increase MSH secretion (Jorgensen and Larsen, 1960). 
Vascular supply 


The plexus intermedius of Benda is situated in the membranes between the 
neural and intermediate lobes of mammals and reptiles and mainly or exclusively 
supplies the compact intermedia, The internal capillaries of the intermedia are 
few in number and are situated in the interlobular space, The zona rostralis of 
the mammalian intermedia has a comparatively rich blood supply in the rat, the 
dog and the cat. 
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— Because of the poor vascularization hormones secreted by the deeply 
siuated cells, pass out through other cells or through the intercellular Spaces. 
The arterial supply of the common posterior lobe plexus is by branches of 
superior hypophysial arteries coursing down the infundibular siem or inferior 
hypophystal arteries entering from behind. In sharks additional supply to the 
intermedia is through portal! vessels coming from the median eminence 
(Meurling, 1960). 


Wingstrand(1966) said, “The venous drainage is also, in general, identical 
with the venous drainage of the neural lobe. Overflows from the neuro- 
intermedia’e plexus to the pars distalis are common along the periphery of the 
intermedia, where it is connected with the pars distalis. In mammals they are of 
three different kinds: (1) vessels running from the posterior Jobe plexus to the 
= pars disialis in front of the anterior margin of the intermedia, parallel with the 
portal vessels; (2) vessels which pass around the anterior and lateral margins of 
the intermedia, following the surface of the adenohypophysis; and (3) vessels 
which run through the hypophysial cleft at such places where its two walls have 
fused to form a bridge”. These overflows can save the adjoining parts of the 
pars distalis from necrotic disintegration in case the normal blood supply to the 
distalis is jeopardised experimentally or by pathological processes (Daniel and 
Prichard, 1956, 1957, 1958; Holmes and Zuckerman, 1959; Holmes, 1962: 
Smith-Agreda, 1962). 


Costofl's observations : 


Regarding the composition of pars iniermedia in the rat, Costoff identified 
three zones: (1) Chromophobic cells (1-3 layers) line the residual hypophysial 
cleft (cleft cells), (2) about twelve layers of cells comprising light and dark 
chromophil cells of the central part of the pars intermedia and (3) dark cells 
face the pars nervosa and axonic end bulbs contain neurosecre'ory granules. 
These granules most likely originate from pars nervosa. 

Cleft cells are cilia'ed chromophobe-like. Ferrer(1956) found an increase 
in the size of the cleft and amount of ithe colloid after adrenalectomy and 


reduced in the rat and there was no colloid (Vanha-Peritula,1966). Costoff 
found the agranular cleft cells to have vesicular endoplasmic reticulum, a Golgi 
complex, round or rod — ee er aster free ribosomes 
lysosomes. Cleft cells are altached to each other by desmosomes. Oftenly 
— —— membrane is absent. Basophilic or acidophilic cells may some- 
tim be found between the clefi cells on the side of the pars distalis. The apical 
sur ice of the calls contains microvilli and cilia with 9+2 fibre pattern. 
aa in the anterior 
pituitary. The pattern of the cilia is 9+0. 
ı and Ko Mar oya an a a in the is a storage 
d bo Ipro! Vanha-Peritula (1966) 7 broken 
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cells from pars distalis in the colloid of the cleft. It was glycoprotein in nature. 
The colloid is the neurosecretory material according to Kurosumi ef -al.(1961, 
1962). The cleft also contains secretions from pars intermedia dark cells. The 
colloid contains ACTH from the pars distalis or pars intermedia, CRF or other 
nsm 


Cells at the central part of the pars intermedia : 


Light and dark cells in the pars intermedia were described by Trautman(1911). 
Romeis(1940) and Kurosumi er al.(1962) observed the same in maneand rat 
respectively. 


The predominating cell type is light Type 1 cell, It is weakly PAS-+compared 
to strong PAS+Type 2 cell (Purves,1961). The carrier for MSH gives rise to 
PAS+. Type I cells(Costoff) are plenty in number (70%). They are cuboidal 
with large round nucleus. Mitochondria are round or short rods with incom- 
plete cristae. The Golgi complex is inconspicuous. RER is vacuolar and there 
are free ribosomes. Lysosomes are present. Granules(300-350 myu) are situated 
at one pole and near the cell membrane. 


Type Il dark cells: They are few in number and the shape is angular or 
stellate shaped. The granules are 200 mu in diameter andare locaied throughout! 
the cell. Some cells have large dilated areas of endoplasmic reticulum studded 
with ribosomes. Rodlike mitochondria have complete cristae. Golgi complexes 
are very few. 


Small chromophobe-like cell is sometimes found. The dense cytoplasm is 
scanty and the nucleus is large. The granules or dense bodies are 250 to 
300 mu in diameter and there are free ribosomes. Cos’off said that this cell 
iype corresponded to the rhomboid cell of Kobayashi(1965). 


Pars intermedia towards the pars nervosa: Ramon y Cajal(1894) observed 
nerve fibres extending into the pars inlermedia from ‘he pars nervosa, Near 
the neural lobe, pars intermedia had axons and type 1 cells. There ure two 
types of nerve fibres; one can be ` demonstrated by metallic impregnation 
techniques and the other one is neurosecretory. gelato Ma no 
nerve fibres(fluorescent — have also been detected. 
Ses emer rm ihe newrohypophysis iio he 
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By autoradiography Gosbee er al.(1970) found relationship between ACTH 
increase in granulation, activity After adrenalectomy stellae Type II cell had 
increase in granulation, activity and colloid. No increase in MSH concentration 
in the pituitary and plasma could be found but there was an increase in ACTH. 
After adrenaleciomy Type II cells synthesized ACTH. Phifer and Spicer(1970) 
found ACTH in the pars intermedia of different species of animals including 
the rat by using immunoglobulin-peroxidase methods. Corticotrophs were found 
in the pars intermedia of the rat (Porte et al., 1971). More ACTH was found 
in the ral pars intermedia than in the pars distalis(Kraicer er al., 1971). 


In the pituitary autografts to. the kidney capsule there was synthesis and 
secretion of MSH in Weasels (Rust and Meyer, 1968). 


Costoff(1973) thought that a pro-ACTH or ACTH might also be synthesized 
in the cells of the pars intermedia after stress and “perhaps the type II cefls 
synthesize ACTH under these conditions", 


Lysosomes 


Kurosumi(1974) while discussing about lysosomes in somatotrophs said 
that these bodies are located in the cytoplasm and have acid hydrolases. Lyso- 
somes may be primary or secondary, The primary lysosome (pure lysosome) 
contains enzymes and also their substrates. The Golgi apparatus or its associated 
tubular system gives rise to the primary lysosomes and these are called coated 
vesicles because the vesicles are offen covered with bristle-like coating. Intra- 
cellular digestion with the help of enzymes derived from the primary lysosomes 
lakes place in secondary lysosomes The substrate may come either from the 
interior of the cell or from outside the cell. On the one hard they are carried 
into phagocytic vacuoles by phagocytosis or pinocylosis (together called as 
endocytosis) from outside’ the cell, while on the o her hand autophagic vacuoles 
are produced by sequestration of some of the cell organelles or certain products 
in the cell. Multivesicular bodies are frequently considered as secondary lyso- 
somes These bodies are vacuoles of different sizes containing small vesicles 
and appear in close approximation to the Golgi apparatus and it is possible 
that a transition exists between the multivesicular bodies and lysosomes, They 
contain secretory granules of Ahe somatoiroph. Secretory granules in these 
bodies are digested by hydrolytic enzymes. This is Farquhar's crinophagy 
no‘ed in prolactin cells where overproduction of prolactus granules is disposed 
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tubules. Their origin either from the lamelluted structures of the Golgi apparatus 
or from its associated tubular structure has not yot been established. There is 
accumulation of a dark subsiance in these tubules of different shapes, These 
bodies resemble the lysosomes. They contain acid phosphatase and Kurosumi 
(1974) thought that they may contain other hydrolytic enzymes too which 
occur in lysosomes. The formation of primary lysosomes may induce the 
formation of secondary lysosomes some time after. 


Another characteristic change occurs in the thyroidectomy cell, Dilatation 
of rough-surfaced endoplasmic reticulum is found with accumulation of colloid- 
like substance. In these dilated spaces, round and dense granules have been noted by 
Kurosumi and Oota (1966). The size of these intracis ernal granules varies from 
100 to 500 nm in diameter. These are due {o stimulation of protein synthesis 
in the thyroidectomy celis by TRH of the hypo‘halamus. Lysosomal substances 
are stacked in the Golgi apparatus and so transfer of the granules from endoplas- 
mi reticulum to Golgi apparatus cannot take place and ihus the intracisternal 
granules increase in number. At the same time many secondary lysosomes occur 
in the cytoplasm. 


Discharge of granules {rom adenohypophysial cells : 
Coriicotroph : 


Kurosumi(1974) siressed that fixation of the specimen with plain osmiun, 
tetroxide solution is a more useful :nethod for study of the morphology of corti- 
cotrophs than a fixation with mixed or serial fixation with glutaraldehyde and 
osmium. Wilh osmium fixation most of the secretory granules are found as 
vesicles with a dense core; some granules take the appearance of clear vesi- 
cles and some are medium dense granules. A few granules only are of high electron 
density, Other cell types in the anterior pituitary do not contain such cored vesicles. 
Ajter fixation with glutaraldehyde all secretory granules of corticotroph look black. 


Afteı adrenalectomy some cored vesicles are noted after osmium fixation. 
Kurosumi(1974) speculates that such a picture may be due to a process of gra- 
nule discharge. The cortical part of the granule is dissolved and thus the granule 


tion can als» occur. There is probability of leaking out of some substance from 


Thyrotroph : | * * 
‘There is fusion of the limiting membrane of the secretory granule and the 
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tocrine secreticn, exocytosis, reverse pinocytosis or Kurosumi’s type IV mecha- 
nism. 


Somatotroph : 

The discharge of the secretory granules is by the method described above 
(exocytosis), 
Mammotroph (estrogen-induced pituitary tumor) : 


The mechanism of the granule discharge is by exocytosis (reverse pinocytosis) 
or eruptocrine secretion. Kurosumi(1974) said “in a few cases a small 
invagination of ‘membrane adomed with the bristle-like coating is observed at 
the surface of a secretory granule just opened to the extracellular space. Such 
an invagination of the granule membrane recalls the so-called pinocytosis seen 
in other kinds of cells. Such a phenomenon of micropinocytosis occurrng on 
the releasing secretory granule membrane may contribute to the keeping the 
total surface area of the cell! from its enormous increase by successive addition of 
secretory granule membranes to ihe surface plasma membrane”. 


Gonadotroph type 1 (FSH-cell) : 


Kurosumi(1974) found two types of secretory granules. One was large and 
less dense and the other small and dark in appearance. Small granules are 
plenty in number. The small, dark granules are 200-250nm in diameter. 
There is a limiting membrane. The large granules are of varied electron 
density and are of 500nm or more in diameter Majority of these granules 
are less dense. A thin membrane surrounds the large secretory granule. 
After fixation with osmium tetroxide alone the limiting membrancs of these 
large granules are ruptured and the granule is dissolved with formation of clear 
vacuoles or empty spaces without any limiting membrane. Such an artefact is 
not found in the small granules. After double fixation with ghutaraldehyde and 
osmium the density of the large granule is increased and the density is same 
in both large and small granules Both the types of secretory granules are 
finely granulated. This characteristic is found only in this ceil type. The 
two types of secretory granules may be independent and contain different 
substances or they may be interrela’ed. 

Presence of both the types of secretory granules is more marked in male 
rat pituitary gland than in the pituitary gland of a female rat. A few large 
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(STH-cells), The size of the granules of type 2 gonadotroph is always smaller 
than that of the STH-cells. Thyroidectomy leads to marked degranulation of 
STH-cells but with this procedure the iype 2 gonadotroph is indifferent. After 
castration intense change is noted in type | gonadotroph but the change is not 
so intense in type 2 gonadotroph. However, Kurosumi (1974) further stated 
that type 2 gonadotrophs ure hypertrophic in every respect after castration with 
enlargement of the cell! body, irregular Shape and ER is well developed. Marked 
dilatation of the cisternae is not noted. The discharge of granules is by erupto- 
crine secretion (reverse pinocytosis). 


Release mechanisms of adenoh ypophysial hormones 


Kraicer(1975) presented a simple model of the physicochemical events that 
are associated with the release of adenohypophysial hormones. Roy(1976) 
reviewed such mechanism. The release process as presented by Kraicer(1975) 
is as follows: The process starts by an interaction between the hypothalamic 
releasing hormone and a specific receptor site on the plasma membrane of the 
cell. This results in an increase of prostaglandin synthetase activity with a 
Subsequent increase in prostaglandin synthesis Rise in prostaglandin activates 
membranebound adenyl cyclase which then increases cyclic AMP level within the 
cell, A chage in the intracellular distribution of Ca?’ is elicited by cyclic AMP 
and it activates a cyclic AMP—dependen: protein kinase. Alternatively, the 
activated protein kinase changes the intracellular distribution of Ca®*. The 
protein kinase with Ca?*, then specifically activates, by phosphorylation, a 
protein moiety involved in the release process. “The activated protein moiety 
may be one element in the contractile cytoskeleton-vesicle complex, which 
when activated, leads to contraction with subsequent extrusion of hormone- 
containing granules”. 


Synthesis of anterior pituitary hormones 


Information proceeds from DNA of chromatin and arrives at ribosomes 
via messenger RNA(m-RNA) produced at the nucleolus. The releasing factor 
increases the amount of m-RNA directly or indirectly. Synthesis of proteinaceous 
secretory substance may be at ribosomes and this was studied by eleciron 
microscopy of exocrine glands (pancreas and salivary glands). Ribosomes ‚ are 
in diameter. Two subunits of this granule have been recently reported. The ribo- 
somes are usually found to be attached to the extemal surface of the endoplasmic 


reticulum(ER). Kurosumi (1974) described the sequence of events pertaining 
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(1) direct continuity between ihe two (only notai in the neurosecretory cell 
of the hypothalamus but not found in the anterior pituitary) 


and (2) a process called budding or blebbing which is frequently noted in the 
` anterior pituitary gland. From the smocth surface of the rough ER 
wsich faces the Golgi apparatus there arc formations of smalt nipple-like 
projections. The projections are pinched off and thus there are forma- 
tions of many vesicles. The vesicles contain the secretory substance in 
the process of transpori from the RER to Golgi apparatus. The secre- 
tory material (mainly protein) is condensed in the Golgi sacs with addition 
of a little sugar (polysaccharide) and lipid. These newly formed secretory 
granules are small in size and ill defined and float in the sacs of the Golgi 
cisternae, The secretory material increases in size and gradually the space 
between the granular material and the limiting membrane diminishes and 
ultimately vanishes. So, in the mature secretory granule of the somato- 
troph it is very difficult to separate the limiting membrane from the 
dark granule. The secretion mechanism in thyrotroph is same as noted 
in somatotroph. 


Immunoelectron microscopy 


Nakane (1975) discussed several problems related to the immunocytochemical 
; localization of hormones in the anterior pituitary gland at the ultrastructural level. 


(1) The protein or glycoprotein hormones are soluble in usual physiological 
solutions and fixatives should make them insoluble, 


(2) Fixation of the hormones should be very rapid otherwise they will diffuse 
from their original place. 


(3) if diffusion occurs before fixation, the hormones will be fixed at secon- 
~ dary sites and thus a confusion will arise. | 





gs gas 8) As the fixatives used in electron microscopy are directed towards proteins, 

y it is expected that there is loss of antigenicity of hormone during fixa- 
~~ fon m. Unsuccessful localization of a given antigen may be due to a) 
= nonfixation of the antigen and it has been washed away during fixation 
ort “the antigen is there but it has bean denatured during fixation. The 
ia ‚effect — An 
ES eee anes — the Golgi complexes is more easily affected than that in the 
©. endoplasmic reticulum dunner ere 
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Identification of cell types in the anterior pituitary gland of adult albino male rats 
by immunoelectron microscopy (Nakane, 1975) 


Shape 


Size 


Situation 


Relationship 
to sinusoids 


Growth hormone cells 
Oval to pyramidal! 


Approximate diameter of 
10-13 um 


Not found in areas adjacent to 
the intermediate lobe and ante- 
nor ventral portion of the gland 
but seen in other aress 


Situated along sinusoids 


Usually situated in the centre of 
the cell. 


Diameter of about 200-350 mu 


& situated throughout the 


cytoplasm. 


Laminated. Found frequently” 


near the nucleus. 


ACTH cells 


Stellaie in shape 


Same as giowth hormone cells. 
ACTH cells are in juxtaposition 
to growth hormone cells. The 
body of the cells is at the centre 
of a cord, 


The cytoplasm of the cell is 
extended to neighbouring 
sinusoids 


Diameter of about 200 mu & 
situated near the periphery of 
the cytoplasm. Some granules 
are solid and some have central 
cores. 


Clustered near the nucleus 


Clustered near the nuclevs 


b 
b 
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Identification of cell types in the anterior pituitary gland of adult albino male rags 
by immunoelectron microscopy (Nakane, 1975)—(Contd.) 


Situation 


to sinusoids 


Prolactin cells 


Frequently cup-shaped sur- 
rounding gonadotrophic cells. 


Sparsely distributed in the ante- 
rior ventral portion of the gland. 
Also seen in areas near the 
intermediate lobe. 


Situated centrally at the base 
of the cup. 


Cytoplasm surrounding gonado- 
trophic cells also contained the 
hormone. The hormone was 
also found near the nucleus. 
Diameter of granules exceeded 
800 myu and varied from sphe- 
rical to polymorohic in shape. 


Well developed. 





TSH cells 


Polygonal to stellate in shape. 


Larger than ACTH cells. 


Found in clusters in the centre 
of the pituitary gland. Cells 
situated in the centre of the 
cord like ACTH cells. Cell 
clusters did not contain ACTH 
cells and vice versa. 


The voluminous cytoplasm di- 
rectly faced the wall of the 
sinusoids. 


Granules containing TSH were 
situated at the perphery of the 
ce} near the plasma membrane. 
Granules were 150—200 mu in 
diameter. Some granules looked 
solid and some had central 
cores, 


Golgi complexes were situated 
near the nucleus, 


Round or oval mitochondria 
were found among large vacuo- 
les These vacuoles contained 
little or no hormone and were 
noted throughout the cytoplasm. 
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Identification of celt types in the anterior pituitary gland of adult albino male rais 
by immunoelectron microscopy (Nakane, 1975)—(Contd.) 


FSH Cells. 
Tissue sections reacted with 
anti—FSH 


Type A cells Type B ceils 


Shape Oval Angulated 
cells 


Situation Distributed throughout the ante- 
rior pituitary gland and the area 
adjacent to the intermediate lobe. 
Concentrated in the sex zone. 


Secretion Granules con- Secretion gra- 
granules tained hormo- nules situated 
ne, Situated near the plas- 





LH cells 


Cellular morphology 
same as type A 
FSH cells 


Same as type A 
FSH cells 


Localization of LH was im seve- 
ral types of secretion granules 
in the cell LH was found in 
small dense granules (75 to 
250 my) and in large dilated 
vacuoles (600 my in diameter) 
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Autoradiographie studies 


Autoradiographic studies were conducted by Stumpf, Sar and Keefer (1975) 
for localization of hormones in the pituitary of the rat. There ure receptor 
. sites for hormones from hypophysial target glands and the brain. In the rat 
during pregnancy and lactation, topographically distinct cell population con- 
centrates more radioactivity when compared to other labeled cells in the pars 
distalis. Gonadotrophs with heavy nuclear concentration of radioactivity after 
the injection of *H-estradiol are noted in the sex zone and scattered heavily 
labeled’ cells are aiso found in other parts of the anterior lobe. Many 
anterior pituitary cells show less intense moderate nuclear labeling. There 
was a moderate uptake of radioactively Jabcled estrogen in the lining ceils 
beiween anterior and intermediate lobes and in invaginated cells found in 
the intermediate lobe and at the border between intermediate and posterior 
lobes. Weak nuclear labeling was found in the pituicytes and generally not in 
intermediate lobe cells. Varying amounts of radioactivity were found in the colloid 
in the residual cleft. 


In the immunoautoradiogram of rat piluitary there was simultancous locali- 
zation of peroxidase-labeled anti-hOG and “H-estradiol. Estrogen target cells 
were characierized by nuclear accumulation of radioactivity (Keefer, Stumpf, 
Petrusz and Sar—from Stumpf et al., 1975). Heavy cytoplasmic immunostain- 
ing was noted in the gonadotrophs. All the immunohistochemically defined 
gonadotrophs are not esirogen target cells, but most of them are so. Estrogen 

j target cells also included those cells other than gonadotrophs. Cells of the inter- 
mediate lobe were unlabeled. These observations were made in ovariectomized 
rat after injection of “H—estradiol. 


a The authors concluded that estrogen and androgen concentrated almost exclu- 
sively in nuclei, Progestin, glucocorticoid, triiodothyronine, TRH, or their meta- 
bolites concentrated in nuclei and cytoplasm of certain cells of the pituitary in 
varying degrees. The pituitary gland is a hormone target tissue for central neuro- 
genic and peripheral hypophysiotrophic hormones. “The nuclear concentration 
of hormones corresponds to a nuclear, probably genomic, effect.” They further 

said that as the same tinctorial cell type showed retention and concentration of 

different hormones, the possibility for an individual cell to be chemically addressed 
not only by one hormone, but by several hormones, is there. Several cell types 

“concentrate in acidophils and all of them stimulate prolactin secretion. A cell 
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route which the newly synthesized protein took up. They pulse-labeled the cul- 
tured cells as it was shown that the amount of leucine incorporated into STH was 
twice that found in recently dissociated cells. Only about half of the somatotrophs 
were heavily labeled and so they were actively engaged in incorporating amino- 
acids into secretory or oiher proteins. After 5—min pulse there was a diffuse 
distribution of most of the autoradiographic grains over the nucleus and cytoplasm 
of the somatoiroph. The striking concentration of grains was over the Golgi 
apparatus at 15-30 min postpulse. At 60-min postpulse, proportionately less 
grans were noted over the Golgi and increased numbers were related to secretory 
granules. At 120-min postpulse the Golgi was free of label and maximum number 
of grains is related to secretory granules. Newly synthesized, Jabeled secretory 
protein is transported from the rough endoplasmic reticulum to the Golgi apparatus 
where it is packaged into granules. The granules are stored in the cytoplasm. 


The authors further concluded that “‘membrane relocated to the cell surface 
during exocy-osis is recaptured intact and recirculated back to the Golgi. The 
findings indicate further that the recirculation is restricted to specific Golgi cis- 
lernae—ic., the cisternae along the concave Golgi surface—the same cisternac 
from whence the pieces of membrane originally came.” 


Pituitary dissociation methods have been used by many and also by Farquhar 
et al.(1975). Hymer(1975) reviewed these studies, With the method used by 
Farquhar ef al.(1975) the function and morphological integrity of the cells was 
preserved and the dispersed system has many advantages over infact tissues. 
“With dispersed cell suspensions it is possible to: (1) overcome individual varia- 
tions between glands, since the cell populution from a number of glands is rando- 
mized, (2) eliminate the diffusion problems encountered in even small tissue 
fragments, (3) provide rounded-up single cells with a simplified topography (which 
faciliiates certain procedures such as autcradiographic counting), and (4) provide 
a suilab’e s‘arting material for the subfractionation of the hoterogencous pituitary 
cell population into prepamtions consisting of a single cell type.” 





tent of the medium is mainly due to a physiological release of living cells. The gona- 
persis $ even afler two months. TSH, STH and ACTH cells having low autonomy 


of secretion should also be 
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* on the smooth reticulum including the Golgi zone. In culture exocytosis was 
not particularly evident. Hypothalamic hormones act mainly at the site of 
segregation and migration of the secreiory product. True evidence for trans- 
formation of one pituitary cell type into another has not yet been obtained in 

. culture. Cell culture method has limitations because of the overgrowth of fibro- 
blasis. If the stariing material is from pituñary tumors then this limitation can 
be escaped because the dividing ability of the glandular cell now competes with 
that of the fibroblasis, Sato and his colleagues thus isolated pure pituitary cell 
lines. “The ulirastructure of such cells, however, is modified with respect to 
normal *prolactin and somato.rophic cells. This fact must be kept in mind in 
using such cell liaes for the study of pituitary cell regulation for which they offer 
a promising approach.” 


Observations in different mammals : 


Fernandez-Moran and Luft (1949) were the first who studied the anterior 
pituitary by electron microscope. They used imprinting, smearing and replication 
methods. Acidophils and basophils could be distinguished. 


Cytology of the autografis of rat pituitary in the capsule of the kidney was 
siudied by Rennels (1962). Various cell types could be detected. The largest 
number of cells had large inclusion granules, dilated cisiernae and the Golgi com- 
plex contained immature granules. Arrays of endoplasmic reticulum and ribonu- 
cleic acid particles were noted. By traumatizing the uterus in the experimental 

° animals, deciduomata could be produced and so the transplants were apparenily 
secieting luteotrophic hormone. The cells possibly correspond to acidophils 
having large granules and reacting to oestrogen treatment and lactation. As the 
autografts contain this dominant cell type, it was suggested that these cells secrete 

- luleotrophic hormone. 


Green (1966) said, “To date, however, it is sill possible to doubt 
whether thyroirophs, gonadotrophs, growth hormone acidophils and luteınizing 
hormone or prolactin secreting acidophils really represent separate strain of cells 
or merely cells in different stages of activity”, 


Farquhar (1971) studied the processing of secretory products by cells of the 
anterior pitwilary gland. The anterior lobe of the pituitary produces six hormones : 
two oror — = hormone and mammotrophic hormone), three glyco- 








gb see hat a gle cl pe od fro two rauen Ti 
secictor See ee ADE Coup Select Sit,‘ shape and daniy, 
_ * The cyt ents also showed variations in the distribution and organi- 
u zation, —* "sed thatthe maximal diameters of the srctory granules cf 
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each cell type fell within a characteristic size range (mammotrophs=-600-900nm ; 
somatotropns=350-400nm ; gonadotrophs=200-250nm ; thyrotrophs—140-200nm ; 
corticotrophs=100-200nm). A typical unit limiting membrane surrounds the 
granules. Granules of mammotrophs and somatotrophs are more uniformly dense 
(after OsO, or glutaraldehyde—OsO, fixation) than those of thyrotrophs or 
gonadotrophs More satisfactory preservation of the granules of the glycoprotein 
producing cells and corticotrophs is noted by aldehyde followed by OsO, than by 
OsO, alone. The corticotroph granules appear as bulls eyes or target granules 
with a smali dense core (100nm surrounded by a loose-fitting membrane envelope 
after OsO, alone (Siperstein and Allison, 1965: Kurosumi and Kobayashi, 1966; 
Yamada and Yamashita, 1967). McShan and his co-workere (McShar and 
Hartley, 1965; Costoff and McShan,1969; Hodges and McShan,i970) substan- 
tiated the data of Farquhar and her co-workers by a combination of cell fractio- 
nation methods (density gradient centrifugation and filtration) They succeeded 
in separating the different types of granules and demonstrated the proper biolo- 
gical activities. The secretory granules therefore represent a siorage form of the 
secretory product. 


The follicular cells and the stellate cells belong to the noneranulated cell class. 
They are situated mixed with secretory cells in the parenchyma of the anterior 
pituitary gland. The follicular cells have no secretory granules but they have good 
number of free polysomes and other cell organelles (Golgi complex, rough ER, 
mitochondria, lysosomes and lipid droplets). The stellate cell is similar to the 
fellicular cell but has no follicular connection. Previously (Farquhar,1957) the 
follicular cells were seen to respond to changes in adrenal function and thus they 
were thought {o represent corticotrophs. Rennels(1964) noted increased number 
of lipid droplets in follicular cells after stress of scalding. Schechier(1969) pro- 
posed a similar function to the stellate cells of the rabbit. Az present it is noted 
that ACTH is produced in a granulated cell type having 100-200nm granules. 


Farquhar(1971) made diagrammatic representation of pryposed events in 
the secretory process of mammotzophs in the anterior pituitary of the rat. “MTH 
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Siress and ultrastructural changes in the udenoh ypophysis : 


Pollard ef al.(1976) obtained good correlation between the cellular activity 
in the adenohypophysis of the male rat with the circulating levels of corticosterone 
after prolonged exposure to stress and the investigation comprised morphological 
and ultrastructural studies. During ten days intense secretory activity was noted in 
ali trophic cells of the adenohypophysis. After this period the cellular morpho- 
logy returned to normal, Differences in the degree of adaptation were, however, 
noted amongst the different trophic cells. Hyperactivity in the corticotrophic 
ceils returned toenormal level by 20 days. Adaptation to normalcy was noted 
in thyrotroph activity only after 40 days Hypertrophic activity in somatotroph 
and gonadotroph cells returned to control levels by 20 days After this period 
an inhibition was observed. Lutcoiroph activity was exceptionally found to be 
increased throughout the duration of the stress procedure. 


Control Stress 
(1) Control corticotroph is irregular (1) The stressed (1 day) corticotroph cell 
in Shape and well granulated. has an enlarged endoplasmic reticu- 
A compact rough endoplasmic lum with increased number of ribo- 
reticulum, short rodshaped mito- somes both on the rough endoplasmic 
chondria, lysosomes, and a Golgi reticulum and free in cytoplasm, 
complex consisting of flattened swollen mitochondria with broken 
saccules and vesicles are noted. cristae and increased number of ly- 


sosomes. 1 and 5 day stressed! cells 
show degranulation, although most 
cells still have secretory granules pre- 
sent with an extensive Golgi com- 
plex. Stellate chromophobe with 
cytoplasmic projections is also seen. 


(2) FSH gonadotroph cell from 1 day 
stressed pituitary has enlarged and 
dilated endoplasmic reticulum in 
which sacs coalesce to form cytoplas- 
mic vacuoles. Increased number of 
ribosomes, swollen mitochondria with 
broken cristae, an extensive Golgi 
apparatus and amorphous body are 
noted. 
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Control 


(3) The control LH-gonadotroph cell 
has an endoplasmic reticulum of 
flattened profiles oriented paral- 
lel to the outline of the nucleus 
and well-granulated cytoplasm. 
Mitochondria with discontinuous 
cristae and lysosomes are present. 


(6) Control luteotroph or prolactin 
cell has intensive electron-dense 
and irregular secretory granules 
with plenty of short cisternae of 
the endoplasmic reticulum, an 
extensive Golgi complex und 
round or short rod-shaped mito- 
chondria. 


(7) Storage- somatotroph shows abu- 
ndant dense-staining granules ob- 
scuring most of the endoplasmic 
reticulum, Mitochondria and a 
Golgi complex are noted. 


arrangement of 


secretory granules, and poorly 
endoplasmic reticulum 


and normal looking mitochon- 


(8) Control thyrotroph is a small cel 
' with perpheral 





dria. 
` « 





Stress 


(3) 10-day stressed pituitary shows LH 
gonadotroph cell with greatly hyper- 
trophied endoplasmic reticulum form- 
ine large cytoplasmic vacuoles and 
lakes which push the rest of the 
cellular contents and the nucleus to 
one side, Granules decrease in num- 
ber and there is an increase in free 
and attached ribosomes. 


(4) FSH—gonadotroph (60-day siress)- 
secretory granules are in ¢xcess—has 
electron-dense, tightly packed endo- 
plasmic reticulum and there is an in- 
crease in number of amorphous 
bodies. 

(5) LH-gonadotroph cell (60-day stress) 
shows secretory granules and an ele- 
ctron-dense endoplasmic reticulum. 
A large cytoplasmic storage lake is 
present in the cyioplasm. 


Luttotroph cell (10-day stress) : 
doplasmic reticulum, increased num- 
ber of ribosomes, swollen mitochon- 
dria, several Golgi complexes and 
grarules are noted, 


(6 


— 


(7 Active somatotroph with secretory 
granules, a lamellar endoplasmic reti- 
culum at one pole of the cell, an ex- 
tensive Golgi complex and mitochon- 
‘dria with —— aoc Ir 
present. | 


(8) —— (20-day stress) is — 
trophic loss of 






cakım is — — 
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Stress and corticotroph 


Kurosumi (1974) found that stress of laparotomy under ether anaesthesia on 
rats leads to a marked increase in the total number of secretory granules of cor- 
ticotrophs after 15 minutes. The granules were still increasing after 30 minutes 
and they decreased after 60-120 minutes, Increase in the number of granule at 15 
and 30 minutes is due to new formation of extremely and moderately dense gra- 
nules at the Golgi apparatus. At the same time there is a decrease in number of 
clear vesicles with or without cores. This suggests a release of the content of the 
granule < ACTH). . 


e Mouse and rat: 


Dellmann er al. (1973) studied corticotrophic cells in the pars intermedia 
rostral zone of the mouse and rat and their relationship to neurohypophysial 
nerve fibres and the hypophysial portal system. Pars intermedia takes part in the 
synthesis of ACTH. By rostral zone (RZ) of the pars intermedia(PH) they 
mean the junctional place of the partes tuberalis, distalis and intermedia. This 
area has predominance of corlicotrophic cells. The stellate cells have secretory 
granules with mean diameter of about 200nm and they are aligned along the cell 
membrane. Evidences of secretory stimulation after adrenalectomy in these 
cells are noted as in the pars distalis corlicotrophs.Corticotrophic cellular invasion 
takes place in the neurohypophysis with perivascular distriowtion at the transition 
zone between sialk and posterior lobe. The RZ of ihe pars intermedia is richly 
vascularized from the hypophysial portal system. An intimate contact is noted 
between corticotrophic cells and neurosecretory axons without an interposed basal 
lamina. Thee cells also have synaptoid contact with catecholaminergic nerve 
terminals. 


The RZ corticotrophic cells by virtue of their specific localization are influ- 
enced by CRF through the capillaries of the superficial plexus and these cortico- 
trophs respond to neurogenic stresses. The central noradrenergic inhibitory 
system of ACTII secretion can influence the RZ corticotrophs in some way. 
There is also a possibility of origin of ACTH within the MSH cells of the pars 






Herlant(1963) confirmed the presence of six types of functional elements m 
the anterior lobe of the hypophysis by electron microscopy. Differentiation of 
nn re ee here a 
cytoplasmic components, particularly of their ergast m. criteria ma 
the distinction between serous and mucoprotein elements. The identification 
of different types of cells is essentially based on functional relations. Correlation 
between the functional activity of each of the cellular forms and a state of hyper- 
secretion of the hormone which is attributed to it, could be demonstrated. 
~~ Bames(1963) could demonstrate the cellular origins of five of the six known 
Sidenohypophysial hormones—GSH, LTH, FSH, LH, and TSH in the mouse by 

ron. microscopic studies of the responses of pitulary cells fo changes in phy- 
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Yamada and Yamashita(1967) described the ACTH cell in the mouse ante- 
rior pituitary. This cell has a relatively large and irregular shape and is situated 
mainly in the basal part of the gland. The secretory granules have diversified 
morphology, ‘The round granules which are immature in form are situaied in 
and around the Golgi region. The maximum diameter is 250m. They contain 
electron dense homogenous substance. At the periphery of the cytoplasm there 
are many vesicles which often contain a heterogenous material of low density or a 
dense core. Electron density of the vesicles is gained after double fixation with 
glutaraldehyde and osmium tetroxide, The rod-shaped mitochondria are aggre- 
gated in the Golgi region. Around the mitochondria, the rough surfactd endo- 
plasmic reticulum is located in the form of flattened vesicles.* Such cytological 
features are very similar to those noted in the MSH-producing cells of the pars 
intermedia of the pituitary, ACTH has a resemblance to MSH in chemical 
Structure. This is an independent cell type in addition to known five others. 


After bilateral adrenalectomy the Golgi apparatus is well developed and its 
vesicles and lamellae are filled with dense material. Many immature granules 
with dense homogenous substance are prominently present around the Golgi 
region, At the cell periphery vesiculated mature granules in two or ‘three arrays 
are found. The mitochondria are aggregated in and around the Golgi region 
The endoplasmic reticulum is well developed. In some areas of the cytoplasm, 
the ER shows flattened cisternae in paralle! arrays. Such features are noted at 
three days after the operation and the maximum change is noted at the fifth day, 
FSH-producing cell in this circumstance does not show any cytological change. 


Typical changes in all FSH-producing cells are noted at 100th day after bila- 
teral orchidectomy. Vacuolar dilatation of the ER takes place. The major part 
of the cytoplasm is filled with the dilated reticulum. The granules are few and 
small. The Golgi apparatus is well developed. Large colloid-like dense masses 
are occasionally found. Under this circumstance there is no noticezble change in 
the ACTH cell. Adrenalectomy following orchidectomy (100-day) stimulates 
ACTH cell. Daily administration of 1 mg of hydrocortisone acetate leads to a 
hypofunctional state of the ACTH cell. The authors conclude that the new cell 
type identified is an independent cell type and reasonably responsible for the pro- 
duction of ACTH. 


Pakurar et al.(1975) studied rat antenor pituitaries cytologically after cultiva- 
tion in organ culture and with or without the addition of hypothalamic and contical 
extracts, Five distinct cell types could be detected with classical stains in ‘the 
uncultivated glands; but the peroxidase-labeled antibody technique (using antibo- 
Sia PEE: E-Tech tls on ee nao arme 
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fed by classical dyes, whereas the antibody technique showed no such alterations. 
This proves that assessment of hormonal activity of the pituitary gland should not 
be relied only upon histological procedures. 

Heap ef al.(1971) noted the effects of a synthetic antiandrogen cyproterone 
on the ultrastructure of the rat adenohypophysis. Morphological changes in the 
cells were noted in that part of the pars distalis which abuts on to the pars inter- 
media. There were degenerating cells. The LH cells indicated active secretion 
as the secretory granules were aligned against the cell membrane. An LH cell 
approximating 1n appearance to a castration cell is also noted. Vacuoles in the 
cytoplasm of FSM cells were noted rarely. Increased secretory activity in these 
cells could be judged by the peripheral arrangement of secretory granules. Stimu- 
lation of STH cells could also be seen. Macrophages were in abundance. In the 
central areas of pars distalis there are some apparently non-secreling gonado- 
trophs. 

Shiino and Rennels(1975) found that after surgical ihyroidestomy, numerous 
cyloplasmic microtubules were noted in thyrotrophs, prolactin celic and somato- 
trophs. Microfilaments were generally plenty in non-granular follicular cells and 
their relative! scarcity were found in most of the secretory cells. Microtubules 
were noted in the developing thyroidectomy cells. They were noted in contact 
wilh or very near the endoplasmic reticula, mitochondria and Golgi components. 

The function of the microtubules has been thought to be that they are 
involved in secretory processes. 

Thyroidectomy cells are hyperactive cells originating from \hyrotrophs. 
After thyroidectomy degranulation of thyrotrophs takes place rapidiy and 
thyroidectomy cells appear. 

They suggest tbat microtubules may play a role in degranulation and other 
processes associated with the hypersecretory diate. 

Rabbit: 

Foster (1971) studied the relationship between ultrastructure and function 
in the adenohypophysis of the raböu. Regarding the problem of inlerprotalion 
of ultrastructural changes it is stated that, “An inevitable consequence is that 
an increase or suppression of Ihe activity of a particular karget organ is likely to 
aflect the ultrastructure not only of the cell species responsible for the production 
ee ee is likely to spread to dither cells. 

urthermore, it is not known whether, if at all, changes arising in one type of 
BT castration changes in gonadotrophs—might not, by direct action, exert 

me | on neighbouring cells of another type. In practice, it is customary 
to rege a marked changes 
from the nom”, 













the rabbit can be divided into the zona tuberalis (Zt) 


pars tuberalis. 
— — are plenty of ‘ores with scattered 
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The normone-producing cells of the pars distalis (pdp + zt) are—the 
prolactin cell, the somatotrophic cell, ihe gonadotrophic cell, the thyrotrophic 
cell, and the corticotrophic cell. The non- -sgerdiory celis of the adenohypophysis 
are called ivverstifial cells. 


The prolactin cell : 

They are large, round and acidophilic and more frequently found in the 
female than in the male. There are large dense round or oval granules, bounded 
by a membrane. The average size is 420nm (range 250-550am.). They are 
situated in pdp. The rough endoplasmic reticulum (ER) is in the fofm of a 
few concentric lamellae round the nucleus with scattered elements among the 
granules of the cytoplasm. Striking cellular changes are noted in late pregnancy 
and lactation. Increase in ER occurs and many cells are packed with large 
dense granulės. During early lactation extensive degranulation with a greatly 
increased ergastoplasm and a very prominent Golgi area develops. 


The somatotrophic cell : 


Situation — pdp and very occasionally in the zt. 
Size — Small 

Shape — as that of prolactin cells 

Dense 


granules j= 270nm (average size) 

Form and distribution of the 

ergastoplasm and relatively }-- sume as noted in prota cel 

few mitochondria 
The gonadotrophic cell : 

Separation between cells producing FSH and LH could not be done 
convinsingly. By light microscope the authors could state that LH—gonadotrophs 
were predominantly in pdp and FSH—gonadotrophs in zt. Gonadotrophs in zt. 
contain larger granules than those in pdp. 

The shape of these cells is irregular. The ER is in the form of lamellae 
and they are concentrically arranged around the nucleus, The gramüles are 
smaller and less dense compared to those of somatotrophs. The average granular 
size in zi is 220nm and that in pdp is 150nm. The mitochondria are concentrated 
at one pole. Following castration there is an extensivg degranulation and 
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in pdp and 120nm in zt. These grenules are often seen aligned against the 
plasma membrane, The ER is not plenty, The mitochondria are few. 
Propylthiouracil leads to partial suppression of thyroxine production with an 
increased production of TSH and resulting in a greatly hypertrophied thyroid. 
Changes start in gonadotrophs, somatdtrophs and presumed thyrotrophs. There 
is degranulation response in thyrotrophs. The ER increases in amount with 
parallel arrays of lamellae and cisternal dilatations These are irregular in 
shape and size as opposed ‘to those noted in castration cells 


The corticotrophie cell : 


The ceilular source of ACTH is controversial. The cell is difficult to 
identify in normal rabbits. After injeqtions of metyrapone for various periods 
these cells are frequently found in pdp and zt. The corticatroph is irregular 
like thyrotroph and the granules are membrane-bound. The average diameter 
is 170nm. A clear space is noted in between the granules and the membrane 
(halo cells of Dingemans). The stretch of the ER is longer than that noted in 
the thyrotroph. It is sinuous and snake-like with occasional branches and 
anastomoses. There are free ribosomes. The Golgi zone is concentraled with 
small vesicles, vacuoles and flattened cisternae. 


The interstitial cells ; 


They are located in the pars distalis, the pars intermedia and the pars 
tuberalis and are similar to stellate and follicular cells. Phagocytic and absorptive 
activity has been ascribed to them. “The iyersiitial system may be concerned 
with the maintenance of a circulation of intracellular fluid by something msembling 
a pseudopodial deformation of the celf surfaces’. These cells could function as 
a molive force in transfer of hormones to capillaries, Their action may be 
supportive or sustentacular. Schechter(1969) noted an activation of interstitial 
ills after treatment with metyrapone. The Golgi area is enlarged and there is 
an increased density of microfibrils. These cells may produce ACTH according 
to Schechter. | 

mits . Mink 
Murphy and James(1976) studied the cells of the adenohypophysis cf the 


ik(Mustela visan) identified by immunohistochemical and functional criteria, 


et ee ae — hypophysis of mammals 
— — oes of bee “One cell, one hormone” 


t 
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Gonadotrophic cells in the adenohypophysis of the mink : 
The authors designated gonadotrophic cells as those which were immunoreac- 
live to antisera to LH and HCG. 
Pleomorphic cells immunoreactive at the light - 
microscopic level. 
= 
Type I Type I 
1 f 

Shape: Oblong Large 
Nucleus: Centrally located Centrally located 
Cytoplasm : Vacuolated Homogenecus 
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Type I Type Il 
Mitochondr’a : Round end Pleomorphic 
sometimes 
oblong 
Location of Located at sinusoidal lumina & 
cells : in clusters 
Corresponds LH cell of Mikami, LH cells of Nakane, gonado- 
to : Rat FSH type A trophic basophil cells of Lever 
z cell of Nakané, and Peterson, FSH cell of 
°- and FSH cells Nakyama et al,, 
of Herlant gonadotrophs of Rennels er al., 
and LH cells of Herlant. 
Castratıon : Partial degranulation, Complete degranulation, vacuola- 
increase in electron tion of cisternae of endop’asmic 
density of cytoplasm, reticulum. In some cells cyto- 
secretory granules coalesce, plasm is extremely vacuolated 
and vacuolation of and nuclei are frequently in- 
cytoplasm vaginated. 


Thyrotrophic cells : 


These cells contain small, uniform hormone granules (100—150nm). Many 
of these granules have a dense core surrounded by a perigranular halo, the 
packaging membrane. 

After thyroidektomy the cells hypertrophy in the mink and they contain 
only small granules. Thyroidectomy cells have large and small saccular 
dilatations in the cytoplasm. Many of these vacuoles are studded with ribosomes 
and this indicates that they are swollen rough endoplasmic reticulum. There is 
dispersion of nuclear chromatin with a prominent nucleolus. Hypertrophied 
Golgi and elongated mitochondria are noted. 


Acidaphils : 


LM — Single acidophilic cell type. OG, acid fuchsin, and azocarminepositive. 
Located at central area and cords of such cells proceed towards the 


periphery of the gland. 
EM — two types of cells : 
Type I Type II 
Acidophil Acidophil 
STH cell Cell producing PRL 
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Nucleus : Central dispersed chromatin 
Golgi Inconspicuous 
apparatus : 
Intranuclear present 
invagination 
of cytoplasm : 
Type I Type I 
Mammotroph « 
2 days after loss or (1) Involution of dgranulated cells 
removal of suckling show increased elediron density of 
young ; the cytoplasm. Golgi apparatus 


functional. Focal enlargement of 
the perinuclear cisterna. Expansion 
of Golgi saccules. 

(2) involution of granulated mammo 
trophs—granular dissolution. 


The amphophil or ACTH cell : 


LM: 


These cells are weakly PAS positive and have slight affinity for basophilic 
dyes eg. aniline blue and haematoxylin, They may be detected singly of 
they may form a follicle surrounding a colloiddike center and are located 
in the central portion of the gland. 


ACTH granules are small in size (150nm) and they are peripherally 
arranged. Giyocogenic rosette formations are Common. 

The colloid in the follicles is bounded by the plasma membranes of 
the ACTH cells. The nuclei are basal in location, The presence of 
microvilli on adjacent ACTH cells suggests thalt the function ot the 
colloid may be storage of polypeptide hormone or carrier protein. 


Long-term responses to adrenalectomy : 


és 
im + oA 
1 r 


Relatively complete degranulation of ACTH cells with persistence of 


vacuoles have an inner rim of colloid-tike. material.. 


——— 
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Cells secreting protein hormones are STH secreting cells, prolactin secreting 
cells and corticotrophs and the distinguishing stains for them are orange G, ery- 
trosin and tetrachrome respectively with maximum diamelers( nm) for the secretory 
granules being 350-500, 600-1000, 150-200 respeciively. The glycoprotein hormone 

* secreting cells are TSH cells and gonadotrophs (FSH and LH cells) and the 
distinguishing stain for them are aldehyde fuchsin end PAS respectively with the 
maximum diameters(nm) for the secretory granules being 100-150 and 200-300 
respectively. Follicle cells and chromophobes do not produce hormones, 


Ateleast 50% of the cells of the monkey adenohy pophysis are somatotrophs. 
The shape of this type of cell is ovoid and there is one well developed Golgi 
complex, RER is characterized by short cisternae, Frequently a centriole with 
a single cilium and lysosomes have been observed. 


The prolactin cells are plenty in female monkeys snd this is the dominant 
cell type during pregnancy and in renal autografts of the pituitary. These cells 
were also found in foetal pituitaries near term. They have largest seerctory 
granules which are ovoid or irregular in shape. Immature granules in different 
Sages of production have been noted in the Golgi complex. Extensive endo 
plasmic reticulum has been found during late pregnancy or lactation (active cells). 
They have also been found in male monkeys and fhe secretory granules are 
plenty in castrated male and female monkeys, In the renal autografted pituitary, 
prolactin was actively synthesized, stored and secreted by these cells. 


Corticotrophs are few in number. The shape is either angular or stellate. 
— The endoplasmic reticulum is of the scattered vesicular type or short lamellar 
type. The Golgi complex 1s small. Lysosome can also be seen. 


- ‘Thyrotrophs are least abundant in the monkey pituitary and they have secre- 

. tory granules of smallest diameter. The cells are small and angular and are found 
in groups. The secretory granules are distributed at the periphery of the cell 
membrane. 


Gonadotrophs have pleomorphic nuclei and the Golgi complex is * deve- 
loped depending on the physiological! date. Before the ovulatory surge of gona- 
dotrophins these cells have extensive endoplasmic reticulum. After Oophorectomy 
a ee the secretory granules are plenty in number, 
and endoplasmic reticulum is vacuolated. Golgi complexes are there. The 
J mit 1 are swollen, The signat ring-like cell (typical castration cell) is 
got 










‘months after oophorectomy. The endoplasmic reticulum is enlarged 
1 strates the gonadotrophs are vacuolated 
— bot Tae ag 


1975) reveal that FSH and LH are present 
though set the wo Ps of gona 
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Fontaine and Olivereau (1975) pointed out that in mammals cell types 
based on staining reactions do not always agree with the results of immuno- 
fluorescence studies. Moriarty (1973) found that corticotrophic ceils in several 
mammalian species are intensely PAS positive. Dubois (1971) noted that in 
cattle, sheep and pigs cells previously found to secrete LH, now have been found + 
to secrete ACTH. §-MSH is also secreted by these cells, In the pars inter- 
media there is ACTH or a peptide (corticotrophin—like intermediate lobe 
peptide, CLIP) with corticotrophic activity. Its structure is very similar to the 
18-39 amino acid sequence of ACTH. Fontaine and Olivereau (1975) said 
that this “also poses an interesting problem, specially as there is cylological 
evidence that ACTH is secreted by the intermediate lobe of the fat (Porte er al., 
1971; Moriaty and Halmi, 1972; Stoeckel ef al, 1973). The possibility that 
ACTH in the intermediate lobe is a precursor of MSH (which has the 1—13 4 
sequence of ACTH), with CLIP as a cleavage producat of the parent molkcule, 
has been envisaged”. 


Another example has been ched by Fontaine and Olivereau (1975). Gona- 
dotrophin prodvation in mammals occurs in two distinct cell types. The homology 
between the two glycoprotein hormone groups (gonadotrophins and thyrotrophin) 
(Fontaine, 1967) has recently been confirmed by the demonstration that LH 
and TSH possess a and ß subunits. In both the hormones œ subunit is common 
(Pierce, 1971; Papkoff, 1972). This explains to certain extent the apparenitly 
contradictory histological findings. 

_ . Immunocytochemical studies show that in the rat the a and ß subunits of LH 
are located in the same gonadatrophic cells which are PAS and AB positive and in 
the majority of TSH cells which are AB positive. The two LH subunits are 
always found in the gonadotrophic cells whereas the TSH cells hays the non- 
specific æ subunit: they contain both subunits rarely but never the ß subunit only. 4 
Gonadotrophic cells and some TSH cells contain LH (Tougard er al, 1972). 

Nakane (1970) found immunochemikally that FSH and LH are located in the 

same cells in the rat. 


| The histology and pathology of the pituitary gland = 
‘Wamer(1977) discussed the histology and pathology of the pituitary gland 
bi volume’ two of Pathology ‘edited by Anderson and. Kaaos ge 
epithelial cell: can be identified by haematoxyiin-cosin staining in the pars dis- 
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acidophils are orange G +. Basophils containing mucoprolein hormones (FSH, 
LH, and TSH) are PAS + and are called mucoid cells. Chromophobes have 
no visible granules, Acidophils have affınıly for eosin and other acid dyes eg 
orange G, rylhrosin and carmoisine (Brookes, 1968). STH cells and LTH 

° celis are acidophils and in horizontal section of the pituitary they are situated in 
the lateral wings. By Herlant's itetrachrone method somatotrophs are orange 
G + and LTH cells (lactotrophs) are erythrosin +. By electron microscopy 
there are plenty of granules in the somatotrophs and the granule diameter is 350 nm. 
Sperse granules have been noted in the LTH cells. These granules measure upto 
750 nAi and the rough endoplasmic reticulum is most abundant when compared to 
other cell types.” The LTH cells also contain concentric whorls of rough endoplasmic 
reticulum which are known as nebenkern and this is a very prominent feature. 
During pregnancy the lactotrophs are greatly enlarged and are called pregnancy 
ells of Erdheim and this can be easily differentiated from the somatotrophs even 
by haematoxylin and eosin stain by their large size. Gonadotrophs (FSH cells 
and LH cells), thyrotrophs and corticomelanotrophs (producing ACTH and MSH) 
are basophils. FSH, LH and TSH containing cells are mucoid cells containing 
glycoprotein (protein + polysaccharide). Free aldehyde groups are formed m 
Ihe polysaccharide after oxidation with periodic acid and Schiff's reagent demons- 
trates these aldehyde groups by formation of purple complexes. The mucoid cells 
could be further separated by Adams and Sweetenham (1958). ‘Two types of 
granules were described : S (susceptible) and R (resistant). They used prelimi 
nary oxidation by performic acid, followed by alcian blue, PAS and orange 
G (PFA-AB-PAS-orange G). With extraction by performic acid, the R granules 
are resistant and they stain red with Schiff’s reagent. S graules contain very 
high level of cystine and they are susceptible to extraction with performic acid. 
They stain not with PAS but with alcian blue. The R cells ere corticomelano- 
trophs and they contain red granules. Pearse and van Noorden(1963) further 
divided the S cells into blue S, (gonadotrophs) and purple S+ cells (thyrotrophs). 
With PFA-AB-PAS-orange G, the acidophils are orange G+. Chromophobes 
have no visible granules. 


With ee ee G stain (Ezrin and Muriay), 


tue acidophils are orange G+, the gonadotrophs are PAS+ (magenta granules) 
and the shape of the cell is round. The thyrotroph is thionin+with 










blue purple granules and the shape of the cell is angular. Corticomelanotrophs 

E are -PAS+with red granules and the shape of the cell is oval. There are no 
— -Visible granules in chromophobes. 

Se 2 Ber horizontal sections the basophils are plenty in number in the posterior 

ee He D ot the median, wedge Phifer, Midgley and Spicer(1973) found by immuno- 
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i histolo 1 histologic evidences that follicle-stimulating hormone and luteiniz- 
2 ing h none © are present in the same cell type in the human pars distalis and so 
Ihe cell is called as FSH—LH cell. Ultrastructurally the gonadotrophs hava 
N granuies of 200 to 250nm in diameter Ss 6.15). In the human pituitary von 
= © Lawaewitsch, Dickmann, Amezua and Pardal (1972) identified two types of 
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gonadotrophs by cytological and ultrastructural studies, The thyrotrophs in 
Loizonial section are located in the anterior and subcapsular region of he 
median” wedge. Ulirastructurally the dense granules of thyratrophs are 150 to 
201m in diameter and they are distributed peripherally. The shape of the cells 
are elongated, These coils can be immunohis: ologıcally stained. The shapes of 
the corticomelanotrophs or ACTH-MSH cells are oval and jhey are large cells. In 
orizontal section they are more concentrated in the anterior median wedge and 
nearby lateral wings. Another group of ACTH-MSH cells are found to infiltrate the 
pars nervosa, very near the pars distalis. MSH is found in two forms: a-MSH 
und ß-MSH. ß-MSH is the main hormone in man. Amino acid sequemtes are 
same in a-MSH, ß-MSH and ACTH and thus there is immunologic cross 
reactivity, Phifer, Orth, and Spicer( 1974) specifically demonstrated ACTH-MSH 
ceH in the human hypophysis and the cell contain both a-MSH and ß-MSH 
over and above ACTH content. They used histochemical techniques and 
immunostaining of serial sections. The granules of the cell measure 100 to 
200nm in diameter and filaments have been noted in the cytoplasm. Chromo- 
phobes may be primordial or resting cells, A group of chromophobes can be 
ultrastructurally found to consist of granules of 150nm or less in diameter and 
they secrete ACTH. Another group of chromophobes with very fine granules 
does not secrete any known hormone. The third group of chromophobes are 
follicular or stellate cells. These cells have microvilli, cilia, junctional complexes at 
the follicular pole, stacking of organelles and elongated mitochondria. Their functions 
have already been described. 


Two distinct types of microfilaments in the cytoplasm of human adenohypo- 
physial cells : 


Horvath ef al.(1975) found two distinct types of microfilaments in the 
cytoplasm of human adenohypophysial cells and the materials for study consisted 
of 5 pituitary glands removed from breast cancer patients treated with gluco- 
corticoids, 3 glands obtained from diabetic subjects with vascular complications 
including retinopathy, and 18 pituitary adenomas. Nine out of 18 pituitary 
edenoma cases had acromegaly with clinical and laboratory signs of inoreased 
growth hormone production. Eight subjects had chromophobe adenoma with 
headache, visual disturbances and mild to moderate hypopiiuitarism. The other 
patient had a pituitary tumor with unusual clinical features. 


Type 1 microfilaments : These microfilaments were found in pituitaries of 
ee Nis We mei cha in some 
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show the histological characteristics of Crooke’s cells. Type I microfilaments 
interfere with the discharge of secretory material either by promoting or 
inhibiting it, 

Type Uf microfilaments: These microfilaments were found in the cells of 
five out of nme acidophilic adenomas with acromegaly. The average width of 
ihe filaments was 115A. They were randomly oriented forming circular bundles 
and thus building up fairly large spherical intracytoplasmic bodies. The filaments 
had spatial relationship to tubular smoothsurfaced endoplasmic reticulum and 
Golgi ZONES, The spherical bodies are indicators of some metabolic derange- 
ment which may or may not be connected with secretory activity 





Fig. 6.15. Electronmicrograph x 4490 of normal pituitary removed trans-sphenoi- 
dally from a woman aged 56 with advanced carcinoma af breast. The 
cell with the smallest granules is a presumed thyrotroph (TSH) and the 
largest granules a presumed growth hormone (GH) cell Slightly 
smaller granules are present in the presumed ACTH cells. The presumed 
FSH-LH cells contain granules larger than TSH and smaller than ACTH 
The actual measurements of mean granule size in nm in this electron- 
micrograph are : TSH 140. FSH-LH 230. ACTH 330, GH 470 (Gray. 1976). 
Courtesy of Professor Doniach and W. B. Saunders Co. Ltd. London. 
Philadelphia, Toronto, 


Adrenocortical hyperfunetion 


This was discussed by Currie (1971) and Warner (1977). In adrenal 
hyperactivity cf Cushing's syndrome Crooke's hyaline cells are met with in the 


- hypophysis. This change is also found in cases with increased adrenocortical 
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hormones in the blood. Increased adrenocortical hormones in circulation is 
also met with after administration of exogenous glucocorticoids, and hyper- 
cortıcism developed due to ectopic production of ACTH in lung cancer, The 
affected basophilic cells are the ACTH-MSH cells or corticomelanotrophs. There 
is accumulation of the hyaline material first around the nucleus and subsequently 


it spreads throughout the cytoplasm. 


Ultrastructurally Crooke’s cell has very fine filaments in the hyaline cyto- 
plasm embracing secretory granules, ribosomes and lysosomes. With immuno- 
fluorescence studies it has been found that corficotrophin is present,in the 
granular parts of Crooke’s cells and is absent from ‘the hyaline porgions. 


Ultrastructure of hunan pituitary tumors 


Ultrastructural studies have been conducted by Schelin(1962), Gusek(1962), 
Fukumitsu(1964), Porcile and Racadot(1966), Cardell and Knighton(1966), 
Kuromatsu(1968), Bergland and Torack(1969) and Paiz and Henniger(1970). 


Schechter(1973) studied ten cases of human pituitary tumors (chromophobic 
adenoma) by electron microscopy. Hypopituitarism was found in seven and 
acromegaly in three cases. There was slight morphological variation in the 
parenchymal cell types when the tumors were compared and a predominant 
single type was common to both varietics of the tumor based on characteristics 
of the secretory granules. The predominant cell type had varying amounts of 
secretory granules (80-200mu or more in diameter) and these granules had an 
electronopaque core and perigranular halo. The author thought that though the 
features of these secretory granules were most like those in normal adult baso- 
phils, this classification was considered doubtful, Some granules had electro- 
nopaque core material while in others in was particulate. Many secretory 
granules contained also aggregates of clear vesicles. Some granules do not 
contam clear vesicles but they were closely associated with plenty of cytoplasmic 
vesicles. The tumor cells had zbundant lysosomes. Ultrastructural criteria used 
to identify cell types in normal pituitary glands are not applicable to the tumor 
cells (fig. 6.16). 


Chromophobe adenoma with acromegaly varies more with respect to the 
features of the predominant cell type than was noted in chromophobe adenoma 
associated wih hypopituitarism. On the one hand cells with clectronlucent 
cytoplasmic matrix and scanty development of organelles were found, while on 
the other there were cells with more electronopaque cytoplasmic matrix and 
more complex development of organelles. . Number and structure of mitochondria 
varied from cell to cell. Sometimes they filled the cytoplasm. 


— he ee 
associated with acromegaly by electron microscopy. The tumor contained plenty 
of somatotrophs. Kae of dein: tame normal. and aad tn — 
“Some somatotrophs had a marked electron opacity of the cytoplasmic matrix 
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and nuclear materials, irregular cell outline, hypertrophied cytomembrane systems 


frequently having proteinaceous material, and considerable amounts of secretory 
granules, 


Plasma membranes were disrupted throughout the parenchyma and specially 
at the parenchymal-pericapillary interface. Through these disruptions large 
numbers of secretory granules and cytoplasmic fragments were released into 
the pericapillary or extracellular spaces. Small groups of disrupted cells often 
were characterized by scanty secretory granules, an =lecironlucent cytoplasmic 
matrix, and these were considered by the author as the counterpart of giant 
multinucleate chromophobes as seen by light microscope. 


The follicular cells were rarely observed. These cells had abundant fine 


cytoplasmic filaments and closely resembled follicular cells described in ACTH 
Secreting tumors. 





Fig. 6.16. Electronmicrograph x 10000 of a clinically non-functioning chromo- 
phobe adenoma removed from a woman af 56, — ——— 

a ete trees (mean diameter 150 nm), mitochondria and 

jens pr gg a —— (Gray). 


(1977) and W. B. Saunders Company 
rote —— laiph, Toronto, 


Tumors involving somatotrophs produce the syndrome of gigantism/acro- 





megaly: lactotrophs produce amenorrhea-galactorrhea syndrome : thyrotrophs 
produce hyperthyroidism: tumors of cortico-melanotrophs produce Cushing's 
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syndrome/Nelson's syndrome: chromophobe tumors produce local compression 
effects, impaired vision and hypopituitarism (Warner, 1977). 


Olivier, Vila-Porcile, Racadot, Peillon and Racadot (1975) described the ultra- 
structure of pituitary tumor cells with a review on the subject. Previously it 
was known that in hyperpituitarism there was excess secretion of either STH or 
ACTH-MSH or LTH or TSH but at present it has been found that two hormones 
can be secreted at a time : STH + LTH or STH + ACTH or LTH + ACTH 
or STH + TSH. 


Olivier et al. (1975) studied 96 cases of acromegaly (of which 24 by %leciron 
microscopy), 25 cases of amenorrhea-galactorrhaca (12 by electſön microscopy), 
25 cases of Cushing's disease (16 by electron microscopy) and 150 cases of 
chromophobe adenomas (120 by electron microscopy). 


Experimental pituitary tumors : 


There is excellent description of these tumors by Furth and Clifton(1966) 
and by Olivier er al.(1975). Experimental pituitary tumors can be formed by 
induction and transplantation of sponteneous or induced tumors. Induction is 
caused by different specific sustained homeostatic derangements, by carcinogens 
or by a tumor induction by radiothyroidectomy in mice producing thyrotroph 
tumors and estrogen treatment in mice and rats producing memmosomatotroph 
tumors. 


Thyrotroph tumors 


These tumors can be induced by radiothyroidectomy, continued administra- 
tion of propylthiouracil and surgical thyroidectomy. All these procedures lead 
to deficiency of thyroid hormone. In rats partial thyroidectomy leads to 
piluilary Tumor, 


thyrotroph tumor cells may be amphophilic or they are chromophobe cell 
adenomas. The chromophobe appearance may be due to discharge of the 


“In the stage of microadenoma formation there are chromophobe cells with } 
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In the gross tumor stage, whole pituitary organization disappears and the 
Original parenchyma is scanty. Haemorrhagic and necrotic arcas are common. 
The tumor cells are chromophobes with mitosis. 


The granules in the transplanted tumors are of 30 to 80nm in diameter or 

` of 150nm in diameter. 

In every stage of the tumor formation there is evidence that it is composed 
of thyroidectomy cells, They may be modified thyrotrophs, or chromophobes of 
Ihyrotrophic nature or even may be due to transformation of gonadotrophs, 
somatotrophs or of cells with haloed secretory granules. 


Thyrotroph tumors may also have gonadotroph functional activity in some 

mutant autonomous variants. Two-hormone formations were demonstrated by 

* immunocytochemistry, Similarly thyrotroph tumors can have somatotroph activity 

(proved by immunocytochemistry). Thyrotroph autonomous tumor may become 
mammosomatotroph. 


Adrenotrophic tumors 


These tumors are induced in mice by direct irradiaiion of the pitunary 
gland, Spontaneous tumors have not been reported in laboratory animals. The 
adrenotrophic tumor cells are smaller than tumor cells of thyrotrophs and 
mammosomatoirophs. They have sparse to moderaæ amounts of cytoplasm 
having very few cytoplasmic vesicles, relatively few mitochondria, Golgi elements 
and endoplasmic reticulum. These cells closely resemble those of pars inter- 


sence a RAIMA ee ak —— ET kantia 
ted with typicel fatal Cushing’s syndrome caused by grafted adrenotrophic 
tumors. In tumor-bearing mice increased level of corticosteroids and ketosteroids 
in blood has been found. The corticotrophic hormone content of the tumor 
Ww to be increased. 


Mammotroph and mammosomatatrophic tumors 


e tumors are induced by prolonged treatment with massive doses of 
o estrogens, These are tumors of acidophilic cells, Promotwr: 

—— — 

— lee eng adenoma and finally tumor formation. 
> | Biere aula arise which are capable of 
nin unconditioned hosts. Although capability of growth in 
* onadectom —— Is is there but most autonomous mammosomatotrophic 
tumor metal — wn —— gen pituitary tumor was 
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previously thought to be chromophobic but subsequenily it was found to arise 
from acidophils. With estrogen treatment these cells iyperirophy, degranulele 
and proliferate. 


Ultrastructurally these cells are large and contain dense, ovoid or globular 
cytoplasmic granules. The mitochondria are pale and there are plenty of endo- 
plasmic reticulum from tiny ovoid profiles to parallel arrays of cisternae which are 
characieristics of normal acidophils (Farquhar and Furth, 1959). The modifi- 
cations of the mammotrophs include hypertrophy of the ergastop!asm with a lame- 
llar and whored aspect of the cisternae producing Nebenkern pictureg. There 
is hypertrophy of Golgi apparatus and the nucleolus is large. Exocytosis is quite 
common. Mitosishas been found in granular (mammotrophs) and nongranular 
cells. 


Several months after estrogen treatment tumor formation happens and many 
haemorrhagic areas can be seen. Other cell types eg. thyrotrophs, and cortico- 
trophs are active. Other unidentifiable (chromophobe) cells are found, Some 
tumor may show mammotroph, somatotroph and corticotroph. MIT/F4 strain 
is functionally mammosomatocorticotroph but cytologically chromophobie under 
light microscope. Ulgrastructurally the cells do not show any characteristic ol 
the pituitary cell. There is reduction of ergasioplasm and Golgi apparatus, iree 
ribosomes are plenty, and secretory granules ere scanty or absent. The diameter 
of the granules varies between 150 and 220nm or it is 350nm. The three hormones 
may be secreted by one cell or by several cells of the MtT/F4 tumor. 


A clonal strain from MIT/W5 secretes somatotrophic and mammotrophic 
hormones. Ultrastructurally the cultures consisted of poorly granulated cells 
(150 to 250nm). The secretion of these cells could be modified by hydrocortisone 
or TRF. With TRF there ts hypertrophy of Golgi area with increase in the num- 
—— 


Gditicottophic activity has ‘also been noted in mammosomatotrophic Mor 
Ku Tea Wh annar dasiro ah ConA 
laris and proceeding outwards has been noted. Terminal cortical haemorrhage 
is also met with. Increase in plasma corticosteroid level in adrenal venous 
effluent was noted in MtT/F4 rats. These tumors grafted in the hindleg of rats 
could be stimulated by minute amounts of vasopressin injecled into the artery 
supplying the tumor resulting in the increase of corticotrophin. 


Mammotrophs of estrogen-induced pituitary tumor ; 
Induction of hyperplasia or tumor occurs in the anterior pituilary gland by 


continuous estrogen therapy to female rats. This tumor was coiled | 
adenoma because the cells — ae — Se ees — 
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on the pituitary cells or its action through the hypothalamus. Estrogen injected 
into the hypothalamic artery leads to the inhibition of the production of prolactin- 
inh'biting hormone and thus it stimulates the mammotrophs, There is hypertrophy 
Of these cells with extensive production of prolactin. Increased development of 
the acini of the mammery gland in such rats speaks in favour of increased 
prolactin level in the blood. Upset in the lipid metabolism of these mammotroplis 
(Watari and Tsukagoshi, 1969) leads to the accumulation of round or stellate 
shaped lipid droplets. These were not thought to be dvidences of degeneration 
however, Rather there were some dark cells amidst the hypertrophied mammo- 
trophs which might be degentrated mammotrophs or some other cell types. These 
features are observed after three or more months of estrogen treatment. 


Kurosumi (1974) stated that severe degeneration could be found in some 
cells of the pi'uitary tumor after prolonged administration of estrogen. Watari 
and Tsukagoshi (1969) noted the absence of ribosomes from many parts of the 
rough-surfaced endoplasmic reticulum with formation of smooth-surfaced mem- 
branes at places. They explained this tinding by two possibilities. Ribosomes 
may be detached from the rough-surfaced endoplasmic reticulum. The other 
possibility is that “there is new formation of smooth membrane in the sack of 
rough ER”, Membranes in the ER multiply without increase in the number 
of ribosomes. Kurosumi (1974) stated. “The distance between two opposing 
outer (matrical) surfaces of ER membranes is smaller in between the smooth parts 
than in between the rough (granular) parts.” 


In the central part of the whorl-like lamellae of the rough ER there are 
vesicles, lipid droplets and lysosomes (dense bodies). In degenerated tumor 
cells many lysosomes are found. Large myelin-like bodies are found to be 
attached to ordinary dense lysosomes. They contain phospholipid which comes 
from the break down of components of membrane structures in the autophagic 
vacuoles, Lysosomal enzymes act on them. The round or stellateshaped lipid 
droplets contain phospholipid, glycolipid and cholesterol. They are products of 
degradation of membrane systems of the mammotrophs and specially of the 
greatly increased ER membranes. 


PHARYNGEAL HYPOPHYSIS 


Gonzalez et al. (1977) studied the ultrastructure of the human pharyngeal 
hypophysis. Four types of secretory cells could be distinguished. Type I cells 
have granules of about 70-90nm in diameter; Type II cells are most numerous 
en Type III cells have 
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_ Type IV cell of the pharyngeal hypophysis resembles somatotrophs of the 
sellar hypophysis They further said, “In addition, the cytology of the pharyn- 
geal hypophysis differs from the structure that could be expected in a grafted 
hypophysis since lactotrophs and somatotrophs are very rare or absent in the 
pharyngeal hypophysis”, Synaptoid contacts between nerve fibres and type Il - 
thes gon mpi afferents control some of the functions of the pharyngeal 
hypophys us it resembles the pars intermedia of most species 
pars distalis of teleost fishes, it so — 
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Tsunekı and Gorbman(1975) divided the — 
Lampetra tridentata into two parts, viz., rostral and auda Er : they 
anterior neurohypophysis has an inner ependymal layer and an ou mrt br =e in 
The ventral part of the fiber layer, ie. the part close to the pass di has 
palisade arrangement, The ependymal layer in the rostral part of th 
neurohypophysis consists of a single layer of ependymal cells. A pg stud 
these cells suggests that they possess absorptive and/or secrexory capacities 
The fiber layer’ in the seins part consid" OF Soaecipioal”proceaien? EEE 
and axon terminals, and somtimes, glia cells. The nerve axons are of two 
types. While there are neurosecretory axons, there are nonsecrelory axons as 
well, characterised by the presence of neurofubular bundles arranged loosely. 
Depending upon the diameter of the electron dense granules, the neurosecretory 
axons may be divided into three categories: (1) granules with diameter of 
1400-2000 A + small empty synaptic vesicles, (2) granules with diameter of 
950-1400 A + small vesicles and (3) granules with diameter of 650-1000 A + 
small vesicles. The axons with larger granules often possess synaptoid contacts 
with the ependymal processes. The basal lamina has contact with the ependymal 
end feet as well as with the neurosecretory nerve endings. Hence the ependymal 
cuff is incomplete. 


The general ultrastructural pattern of the caudal part of the anterior neuro- 
hypophysis is essentially similar to that of the rostral part, but there are some 
differences. The ependymal cells of the thin ependymal lining of the caudal 
part discharge large droplets into the third ventricle. The small nonneuro- 
secretory nerve fibres are plenty in number. Axonal types are similar to those 
noted in the rostral part. Neusosecretory axons are less in number. Synaptoid 
contacts between ependymal processes and neurosecretory axons are rane, but 
presence of neurosecretory granules in ‘the ependymal processes could be 
frequently seen. The basal lamina has contact with the ependymal end feet 
(light in appearance) or glial processes (dark in appearance) and thus the cuff 
is complete. There is no direct contact of the neurosecretory axon endings with 
the basal lamina and the complete cuff is interposed between them. 


The ultrastructural features of the anterior n¢eurohypophysjs are similar to 
those of the median eminence of higher vertebrates minus the portal, vessels, 
Tsuneki and Gorbman(1975) therefore said that the functional value of this 
median eminence is jeopardised, but “might represent a primitive neuroglandular 
relationship from which other vertebrates have evolved”. 


The posterior neurohypophysis may be considered equivalent to the pars 
nervosa of higher vertebrates and it is associated with he pars intermedia, The 
authors found increased accumulation of fuchsinophilic material in the pars 
nervosa. The blood supply 1s well developed for the transport of discharged 
nerosecrelory material. 
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-~ Type IV cell of the pharyngeal hypophysis resembles somatotrophs of the 
sellar hypophysis. They further said, “In addition, the cytology of the pharyn- 
geal hypophysis differs from the structure that could be expected in a grafted 
hypophysis since lactotrophs and somatotrophs are very rare or absent in the 


pharyngeal hypophysis”, Synaptoid contacts between nerve fibres and type Il + 
cells suggest that neural afferents control some of the functions of the pharyngeal 
hypophysis and thus it resembles the pars intermedia of most species or the 
pars distalis of teleost fishes. 
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CHAPTER 7 


THE PITUITARY GLAND OF AGNATHANS 


Myxinoids 


Wingstrand(1966) discussed the development of the pituitary of cyclostomata. 
He said that the anlage of the adenohypophysis was in association with the 
olfactory placode and both the rudiments sink down into a common depression 
which later on is called the naso-hypophysial pit or canal, Subsequently the 
opening of this pit migrates anterodorsally around the rostıum of the embryo 
P to the dorsal part of the head and in the adult it opened at that site. In Myxine 
the nasohyponhysial opening is near the anterior end of the head and outside 
the mouth. “In petromyzon the analge of the hypophysis grows out as a compact 
cellular string from the naso-hypophysial pit and proliferates to form an adeno- 
° hypophysis in contact with the neurohypophysis. At metamorphosis a lumen 
arises in the cell cord which connects the pituitary with the nasohypophysial pit. 
This lumen expands and extends under and behind the pituitary as a sac, which 
serves to ventilate the olfactory organ”. This duct and sac is the lumen of 
Rathke’s pouch but it can also be the extension of the lumen of the nasohypo- 
physial pit. Wingstrand(1966) further said, “The fact that the lumen in the 
cell cord arises after the cord has lost the conte with the pituitary in Icthyo- 
myzon speaks in favour of the latter interpretation. In the Myxinoidea, this 
nasopharyngeal sac opens into the pharynx. So an open nasopharyngeal duct 

is present". 


. Blood supply of the median eminence, neurohypophysis and adenohypophysis of 
Myxinotds 


The neurohfpophysis and adenohypoohysis get separate blood supply from 
the cardtid artery (Ball and Baker, 1969; Jasinski, 1969). The neurohypophysis 
receives an additional blood supply through the portal vessels which proceed 
from the prehypophysial plexus. There is separate drainage of the two parts of 
the pituitary by hypophysial veins, 


* g Neurohypophysis of Myxinoids 
The neurosecreiory fibres from the preoptic nucleus proceed in two directions. 


One group ends on the capillaries of the prehypophysial plexus posterior to the 
optic chiasma. 
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Gorbman et al.(1963) and Nishioka and Bern(1966) thought that this neu- 
rohacmal contact arca is similar to that of the tetrapod median eminence ultra-® 
structurally, The neurosecretory material of the preoptic nucleus is aldehyde 
fuchsin negative and CAH-negative but can be stained by Astra blue, The neu- 
rons are unipolar and they have no ather process to project into the third 
ventricle. 


The second direction of the preopticoneurohypophysial fibres is towards the 
neurohypophysis. Few of them end around the blood capillaries at the anterior 
past of the neurohypophysis. Majority of the fibres end in the dorsal wall of the 
neurohypophysis, AF-positive neurosecretory material accumulates in this area 
The axonal endings contain secretory granules of different sizes. 


Sterzi(1907) and Stendelt(1913) did not find apposition between the neuro 
hypophysis and adenohypophysis in Myxine. Limited contact at the posterior 
end of the neurohypophysis in Myxine and Polistotrema was however noted by 
Adam(1959) and Matty(1960). A vascular plexus in front of the infundibular 
stalk wes found by Olsson(1959) where neurosecretory axons end around the 
capillaries. He thought that this area is the median eminence of the hagfish. 
Kobayashi(1972) said that the area thought ao be the median eminence by 
Nishioka and Bern(1966) “does not seem to be the median eminence, because the 
perivasctiat space is not thick and it has only single basement membrane unlike 
those of the neurohaemal organ and other endocrine organs”. In these organs 
the perivascular space is usually thick and there are double basement membranes. 


Kobayashi and Uemura(1972) considered the ventral wall of the neurohy- 
pophysis to be the median eminence of the hagfish. In the hagfish, Eptatretus 
burgeri, the fine structure was similar to that of the tetrapod median eminence. 
Rarely AF- positive, material is seen in this location(ventral wall). The axons of 











i 






—— 


P i 
at 


THE PITUITARY =3=ND OF AGNATHANS 1— 
They accumulate and attach to the terminal membrane of the processes just like 
pinocytosis. As the vesicles seem to be formed in the Golgi apparatus, they may 
be exocytosis. This type of vesicle formation was not soted in the ependymal 
cells of the median eminence of higher vertebrates. [is physiological importance 
is unknown at present Monoaminergic wons have been noted m the neuroliy- 
pophysis. There are synaptoid contacts between some of these axons with the 
ependymal! perikarya or processes. Kobaywshi¢1972) is of the opinion that in 
the hagfish and higher veriebrates the ependymal function may be regulated by 
these monoaminergic fibres. 


orsal wall : ‘Plenty of AF-positive material is seen. Large grenuies (2,900 
to + A) as well as smaller ones (1,100, 800, and 650 A) exist in the axons 
The Jarge-granule-group may carry newrohypophysial hormone. The ependymal 





cells do not contain large irregula vesicles. Colloid droplets sre smaller 
in number in comparison to those in the ventral wall, The ependymal cells 
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physis and so these are portal vessels and the venous drainage from the 
ypophysis is to the hypophysial vein (Kobayashi and Uemura, 1972). 


In Polistotrema and Myxine few or no portal vessels course through the 
connective tissue (Jasinski, 1969; Fernholm, 1972). 


Adenohypophysis of Myxinoids (figs. 7.1 and 7.2) 


The adenohypophysial cells are arranged in clusters and follicles. They 
are situated in the thick connective tissue between the neurohypophysis and the 
nasopharyngeal duct. The adenohypophysis is not regionally subdivided. The 
colloid in the follicles is PAS-positive, aldehyde fuchsin-positive, alcan blue- 
positive and aniline blue-positive but most of the cells are situated in compact 
clusters, The blood supply is poor. No nerve fibre can be found in the 
adenohypophysis, 


Fernholm aad Olsson(1969) could identify PAS-positive and aldehyde fuchsin- 
positive basophils of different types, several types of chromophobes, and erythio- 
sinophils of two types : one with coarse and the other with fine granules. They 
could attach corticotrophic function to the finely granulated erythrosinophils as 
these cells responded to adrenocortical blocking agents. LTH secretion by the 
coarsely granulated erythrosinophils could not be confirmed by Sage and Bern 
(1972) (bioassay) or by Aler er al.(1971) (immunochemical methods). 


Sandor et al., (1976) discussed the biosynthesis of corticosteroids throughout 
the veriebrates and Sandor(1979) reviewed the comparative aspects of steroid 
| in fish. Idler and Burton(1976) thought that the pronephroi arc 
the sites of presumptive adrenal cells in the hagfish, Myxine glutinosa L. Chester 
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Jones and Phillips( 1960) end Phillips eż? al., (1962) found cortisol and corlı 
costerone in the plasma of the Atlantic hagfish, Myxine glutinosa, Idler 


et al.(1971) reported the presence of cortisol, cortisone and corticosterone in the 


Atlantic hagfish and the steroids increased after mammalian ACTH treatment, 
when Il-deoxycorticosterone was also found 





Fig. 7.1. 


Fernholm(1972) identified two cell types secreting protein hormones in the 
Myxine adenohypophysis with the help of electron microscope. Type, I cells 
had secretory granules of 88nm in diameter and a hormone is being secreted 
similar to ACTH/MSH. Type II cells had granules of |76nm in diameter and 
probably secrete STH/LTH. This prolactin has not the same antigenic propemies 
as mammalian prolactin (Aler ef al., 1971). Fernholm thought thar each cell 
type does not secrete two different hormones, Insead "each cell type produces 
a molecule resembling the parent molecule of one of the two protidie hormone 
families (ACTH-MSH-lipotropin and STH-LTH)". Uitrastructurally the PAS- 
positive basophil cells could not be separated into different types. The ultra- 
structure is different from known thyrotrophs and gonadotrophs of other verte- 
brates. These cells are akin to mucous cells of the skin of the hagfish which 
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have been included into the priuitary but transformation into endocrine cells 
have not occurred. No proper intermediate lobe can be detected. 





Fig. 7.2 
Figs. 7.1 & 7.2 Adenohypophysis of the hagfish, Eptatretus burgeri. In this primitive 
cyclostome, secretory granules are not abundant. Only a few types af 
granulated cells are found. Large irregular granules in the picture are 
ibly lysosomes. Only small round granules are secretory, Functional 
identification of cell types is impossible. Figs. 7.1 & 72 : Courtesy of 
Dr. Kobayashi and Dr. Tsuneki(1977). 


1$uncki(1976) studied the effects of estradiol! and testosterone in the hagfish 
Eptatretus burgeri, In the ovary estradiol caused degenerslion (pharmacological 
effect but testosterone had no effect on the ovary. These steroids had no 
significant effect on the testis Conspicuous change in the adenohypophysial cells 
was not noted after adminisiration of the steroids. Therefore, a feedback 
mechanism between gonadal steroids and gonadotrophin either does not exist or 
plays a very minor role. In the Atlantic hagfish, Myxine glutinosa some 
adenohypophysial cells show reactions to high doses of sex steroids (Fernholm 
and Olsson, 1969). Femkolmt1972) could not find glycoprotein hormone- 
secreting cells ultrastructurally in the adenohypophysis of Myxine. 38-hydroxy- 
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steroid dehydrogenase histochemical activity was not seen in the ovary of Myxin: \ 
(Fernholm, 1972). Gorbman and Tsuneki(1975) observed yonadal atrophy 
after hypophysectomy in the Pacific hagfish, Eptatretus. Hirose et al.(1975) ` 
found production of steroid hormones by the mature ovary of Eptajretus burgeri, 


Tsuneki(1976) observed that with Herlant’s tetrachrome and PAS-orange 
G-alcian blue stainngs the adenohvpophysial cells of Eptatretus burgeri in the 
experimental series did not show any specific stainebility. The cytoplasm of some 
adenohypophysial cells was steined slightly by paraldehyde fuchsin, After 
hormone administration Tsuneki( 1976) did not find any change in the hypothalamic 


neurosecretory neurons. 


Ultrastructurally adenohypephysial cells were poorly granulated. Many 
electron-dense round structures are probably lysosomes. Three types of granu- 
lated adenohypophysial cells could be observed. Type I cells contain large gra- 
nules (220 to 310 nm in diameter). The granules of type II cells are 170 to 
220 nm in diameter, Type III cells (few in number) have small grarules( 100 
to 170 am). Stellate cells, highly vacuolated cells, cells with many lysosomes of 
different sizes and shapes, and cells contaming a small amount of cytoplasm with 
few organelles were also met with. In the interfollicular connective tissue blood 
vessels were occasionally found. In some of the testosterone treated animals 
mature testicular follicles could be correlated with intense accumulation of types 
I and II cells, specially type I cells. Cytoplasmic activity in these cells was not 
reduced and the cytoplasm was occasionally well-vacuolated. Tsuneki(1976) 
concludes, “It is probable thet the feedback mechanism between the pituitary and 
the gonad dies not effectively operate in the course of maturation in the cyclos- 
tomes. The present results obtained from Eptatretus may support Feraholm’'s 
conclusion(1972) that the pituitary-gonadal axis is nat functional in the hagfish, 
Myxine”. 





Holmes and Ball(1974) said, “the myxinoid pituitary is genuinely primitive, 
representing ın ¢volutionary stage before the development of thyrotrophs and 
gonadotrophs. and before the differentiation of ACTH from MSH and of LTH i 

* from STH”. 


The hormones are carried slowly through the connective tissue to blood 
vessels (Fernholm and Olsson, 1969) and ependymal cells with long processes have 
been detected in the cel’ clusters. These cells have microtubules and may func- 
tion as stellate cells for mobilization of the hormones. 


Petromyzontids 


Only a vascular septum is interposed between the neural lobe and the metaade- 
nohypophysis, It receives 
medius in this location. I | | : 

man, 1965). Several small branches of the internal carotid artery supply the 
= pars distalis, It is drained by small veins. E 
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į Neuroh ypophysis 


‘ It is not definitely known whether the lampreys l 

| | preys have a median eminence and 
a Ds ys and Ballii 974) Slate that a few preopticoneurohypophysial 
the se e Vascular connective tissue sheet between the hypothalamus and 
en pars distalis. This area corresponds to the median eminence of higher 

* retes, Jasinski( 1969) could trace a few blood vessels from this place to the 
rostral pars distalis. In the pars distalis “the capillaries ascend between cell 
cords and descend os wider sinusoids’. The loop is situated dorsally close lo 


the contact area where there are so i 
me fibre endings of the t ? 
(Gorbman, 1965), gs oO preoptic nucleus 


No connective tissue cells have been noted in the neural lobe of the lamprey 
by Rodriguez(1971). | 


Wingstrand (1966) said that there is no anatomical separation between the 
median eminence and neural lobe in the neurohypophysis of Lamprey. Different 
types of fibres could be distinguished by Rodriguez(1971) by electron microscope. 
Some of these fibres were like those seen in the median eminence of other species 
while others would represent neural lobe fibres. Fibres containing granules lerger 
than 130nm were neutral lobe fibres. He could find a zonation in the Lamprey 
neurohypophysis as there are areas where there is predominance of the neural 
lobe fibres. The majority of neural lobe fibres are of a single type called typelll. 
The granules ere of irregular shape and of high electron density and ranges in 
size from 150 to 180nm. Many are c@ongated and the length is 300-50Cnm. 
Granules of lesser density than the previous ones, more spherical with a diameter 
of 150 to 180 nm are contained in typelV axons. This type is few in number. 
Typell endings are plenty in number containing granules smaller than 100nm. 
Typel endings contain only small vesicles. 


Rodriguez(1971) postulated that the 150-180 nm granules store arginine vasoto- 
cin(AVT). In the lamprey neurohypophysis a few fibres containing granules other 
— than 150 to 180nm granules present in the vasorocinergic fitres indicate that more 
than one neurohypophysial hormone are being elaborated. Sawyer el al.(1961 ) 
and Follet and Heller(1964) found the lamprey neurohypophysis to comtain AVT 
only. They suggested the possibility of the presence of @ second principle. 
° 


The neural lobe of the lamprey has a dorsal ependymal layer, a fibre layer 
and a ventral palisade layer which contains AF+nsm and approximated to the 
neurointermedia septum. The nsm of the preoptic nucleus is AF-positive and 
CAH-positive. The cells have projecvion of short dendrites which proceed 

e towards the CS fluid after coursing between the ependymal cells. 


Gorbman(1965) did not find blood vessels from the hypothalamus to the 
pars distalis in the lamprey. Sterba(1969) found that environmental stimuli 
could lead to different varictics of seasonal phenomena in the 

nervous system acting on the adenohypophysis. 
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Tsunekı and Gorbman(1975) divided the anterior neurohypophysis of 
Lampetra tridentata into two parts, viz, rostral and caudal. Structurally, the 
anterior neurohypophysis has an inner ependymal layer and an outer fibre layer. 
The ventral part of the fiber layer, i.e. the part close to the pars distalis, has a 
Palisade arrangement, The ependymal layer in the rostral part of the anterior 
neurohypophysis consists of a single layer of ependymal cells. A close study of 
these cells suggests that they possess absorptive and/or secr&ory capacities, 
The fiber layer in the same part consists of ependymal processes, nerve axons 
and axon terminals, and somtimes, glia cells. The nerve axons are of two 
types. While there are neurosecretory axons, there are nonsecrelory axons as 
well, characterised by the presence of neurotubuler bundles arranged loosely. 
Depending upon the diameter of the electron dense granules, the neurosecretory 
axons may be divided into three categories: (1) granules with diameter of 
1400-2000 A + small empty synaptic vesicles, (2) granules with diameter of 
950-1400 A + small vesicles and (3) granules with diameter of 650-1000 A + 
small vesicles, The axons with larger granules often possess synaptoid contacts 
with the ependymal processes. The basal lamina has contact with the ependymal 
end feet as well as with the neurosecretory nerve endings. Hence the ependymal 
cuff is incomplete. 


The general ultrastructural pattern of the caudal part of the anterior neuro- 
hypuphysis is essentially similar to that of the rostral part, but there are some 
differences. The ependymal cells of the thin ependymal lining of the caudal 
part discharge large droplets into the third ventricle. The small nonneuro- 
secretory nerve fibres are plenty in number. Axonal types are similar to those 
noted in the rostral part. Neurosecretory axons are less in number. Synaptoid 
contacts between ependymal processes and neurosecretory axons are rare, but 
presence of neurosecretory granules in ‘the ependymal processes could be 
frequently seen. The basal lamina has contact with the ependymal end feck 
(light in appearance) or glial processes (dark in appearance) and thus the cuff 
is complete, There is no direct contact of the neurosecretory axon endings with 
the basal lamina and the complete cuff is interposed between them. 


The ultrastructural features of the anterior neurohypophysjs are similar to 
those of the median eminence of higher vertebrates minus the portal, vessels. 
Tsuneki and Gorbman(1975) therefore said that the functional value of this 
median eminence is jeopardised, but “might represent a primitive neuroglandular 
relationship from which other vertebrates have evol W 

The posterior neurohypophysis may be considered equivalent to the pars 
authors found increased accumulation of fuchsinophilic material in the pars 
nervosa. The blood supply 1s well developed for the transport of discharged 
nerosecretory male eh a Slur oat 
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Lamprey pars distalis (fig 7.3) 


In ammocoetes and adult lampreys the adenohypophysis can be divided 
into two parts : the pars distalis (anteriorly) and the pars intermedia( posteriorly). 


` The pars intermedia(metaadenohypophysis) is situated below the neurohypo- 


5 Physis, and the two are separated by basal membranes and a thin capillary plexus. 


The pars distalis is situated under the post-optic hypothalamic floor, and is 
separated from this structure as well as the pars intermedia by a thick layer of 
connective tissue, The pars distalis is divided into several lobules by dorsoven- 
trally oriented connective tissue septa and capillaries, and it is also divided into 
two zones : rostral (proadenchypophysis) and caudal(mesoadenohypophysis). 


The zccount of the pituitary gland cf the brook lamprey (Lampetra planeri) 
before, during and after metamorphosis as described by van de Kamer and 
Schreurs(1959) is the basis of modern histological studies. It has also been 
stressed by van Oordt(1968). The proadenohypophysis consists of aniline blue + 
basophils in small larva. They are elongated cells with one pole directed 
towards the capillary situated under the infundibular wall. The cytoplasm 
contains a number of small droplets of secretion. In older larvae the number 
of basophils are increased and before metemorphosis majority of the cells are 
basophilic. Most intense basophilia has been observed in the cytoplasm of 
cells situated more dorsally than in the ventrally located cells and thus a staining 
giadient(dorsoventral) is obiained. Tsuneki and Gorbman(1975) relate this 
gradient to the distribution of neurogenic factor. It reflects “a regional difference 
in diffusion rate and concentration of hypothalamic factors”. Surface enlarge- 
ment is produced by the connective tissue septa which divide this part of the 
gland into different portions. The elongated parts of the basophils terminate on 
the connective tissue septa. The secretory droplets are extruded into the 
surrounding connective tissue, During metamorphosis the proadenohypophysial 
cells are strongly basophilic(AB+) and they are also PAS+. After meta- 
morphosis the secretion diminishes and after spawning the cells shrink with few 
signs of activity, The proedenohypophysial basophils were thought to be the 
source of gonadotrophic hormone as the cytological changes were associated with 
growth of ovaries, vitellogenesis and spawning. Differentiation of mesoadeno- 
hypophysial cells occurred much later. At metamorphosis two cell types, could 
be observed. The first and dominant type is ə large chromophobic cell. It may 
be elongated or oval. The second type is an irreguiar, triangular or polyhedral 
busophilic cell, scattered among the chromophobes. The granules in these ceils 
are AB+ and PAS+. These cells may produce thyretrophic hormone. The 
somatotrophs are also situated in the mesoadenchypophysis. The meraadeno- 
hypophysis contains elongated cells having a basal part where the nucleus is 


situated. The apicel part is slender and borders the blood vessels between the 


neurohypophysis and the metaadenohypophysis. Abundant granular secretien 
has been noted in the apical part and this stains with azocarmine and is PAS+. 


À These cells produced melanotrophin, The water-halance factor is presumably 
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Roth(1957) studied the pars distalis of the adenohypophysis of the sea - 
lamprey, Petraniveon marouis, In the young ammocoele no secretory granules 
could be detected in the cells. In subsequent stages of development five cell 
types could be found. There were two types of chromophobes and one acido- 
philic type. The remaming three cell types described by Roth were not the rh 
same as observed by van de Kamer and Schreurs(1959). | JE 
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Fig. 7.3. Highly granulated cells in the rostral pars distalis of the lamprey, Lampetra 
japonica. In this cyclostome, several cell types with abundant secretory granules 
are found in the adenohypophysis The cell type shown in the picture is baso- 
philic at LM level. This may be a gonadotroph, Courtesy of Dr. Kobayashi 


and Dr. Tsuneki(1977). 


van Oordt(1968) said that the granules in the basophilic cells of the pars 
distalis and the carminophils of the pars intermedia are generally found to be 
stainable with Gabe’s aldehyde fuchsin, The basophils of the proadenohypo- 
physis are AF+ and PAS+. They may contain PAS-negative material which 
can be stained by erythrosine, orange G, iron haematoxylin(Ruhle and Sterba, 
1966) and lead hacmatoxylin(Larsen and van Oordt, 1966). Groups of , 
smaller chromophilic cells with occasional basophilic granules may also be found j 
in the proadenohypophysis in addition to the basophils, 
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The mesoadenohypophysis of river lampreys caught in spring contains 
strongly carminophilic and iron haematoxylin+cells with scanty cytoplasm(Ruhle 
and Sterba, 1966). ‘These cells are situated along the blood vessels and connective 

/ Ussue septa. Larsen and van Oordt identified similar small cells and they were 
ound to be scalttered throughout the mesoadenohypophysis of Lampetra fluviatilis, 
ese cells had a tendency to concentrate at the periphery of tissue lobules at 
the dorsal pam of this zone. They stain violet in Herlant’s tetrachrome and are 
ongly lead haematoxylin +. Mesoadenohypophysial chromophobes are often 
elofgated and have a follicular arrangement. The metaadenohypophysial cells 
are weakly PASS or PAS—. These cells contain kad haematoxylin + granules 
(Larsen and van Oordt, 1966). 


Cysts and pseudofollicles have been observed in the adenohypophysis of 
lampreys and these are particularly common in parasitized specimens. van 
Oordt(1968) said, “since these struatures closely resemble cysts arising from a 
disruption of the portal circulation in higher vertebrates, they might also in 
lampreys be a sign of mesufficicnt drainage of the adenohypophysis.” 

Lanzing(1959) and Ruhle and Sterba(1966) suggested that basophils of the 


proadenohypophysis produced gonadotrophin and mesoadenohypophysial baso- 
phils produced TSH. Evennett(1963) and Evennett and Dodd(1963) thought 


that the mesoadenohypophysial basophils secrete gonadotrophin. From the resulis “> 


of partial hypophysectomy Larsen(1965) concluded that gonadotrophin is produced 
in the mesoadenohypophysis and probably also in the proadenohypophysis. After 
E extirpation of the pro-and mesoadenohypophysis secondary sexual characters develop 
sporadically. Release of sperm into the body cavity is not found in males, but 
spermatogenesis goes on with production of spermatozoa. Ovulation dots not 
occur in females, but growth of eggs continues, although at a reduced level’ com- 
-e pared with normal females, Larsen(1965) further stated, “In males appearance 
of secondary sexual characters and release of sperm into the body cavity seem 
to depend on the same gonadotrophic hormone, but in females it is suggested 
tkat two different hormones are secreted, one inducing egg growth and secondary 
sexual characters, and the other being necessary for ovulation.” 


Larsen(1973) discussed possible factors involved in initiation of sexual 
maturation in river lampreys, Lampetra fluviatilis. She concluded that initiation 
of sexual maturation cannot be achieved by a rise in the temperature of the 
water or by an merease in the length of the day(Larsen and Rothwell, 1972). 
A hypothalamic control might act according to some process not related to the 
n conditions. This was proved by pituitary autotransplantation 
pharyngeal muscle) experiments, Treatment with 
a clearcut precocious sexual maturation in intact 
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He further said, “the follicular structure of the thyroid gand may thus be an 
adaptation tc freshwater life, providing as it does for ample storage of the 
iodinated hormones, and for their release as the need arises. Incidensally, it 
would be at this stage, rather than at the stage of ditracellular storage that the | Wr 


establishment of pituitary control of thyroidal function would have been adaptivel 
advantıgeous." 


and Rosenkilde(1971) and Pickering(1972) it has been found that the f 
of the endostyle and thyroid gland seem to be independent of the > pituitary. 


Honma(1969) found that acidophils and basophils are — in vertical 
cell cords in the proximal pars distalis. In the Transylvanian lamprey Eudonto- 
myzon there are acidophils in the proximal pers distalis which are carminophilic 
after Azan, weakly Alizarin Blue-positive, and strongly lead haematoxylin-positive, 
With aldactone treatment there was degranulation and vacuolation of these cells, 
Molnar and Szabo(1968) suggested that these cells are corticotrophs. LTH is 
not secrexed by acidophils (Aler ei al, 1971). The PAS-positive and aldehyde 
fuchsin-positive basophils of this location and of the rostral pars distalis seem to 
be gonadotrophs. 


Pars intermedia cells are large and secrete MSH (Larsen and Rothwelll. 1972 
van Oordt, 1968; Ball and Baker, 1969). Majority of the intermedia cells are 
chromophobic but some are chromophilic. The latter type is carminophilic. 
Depending upon the type of species they may be PAS-positive or PAS-negative 
and lead haematoxylin-positive as in Lampetra fluviatilis (van Oordt, 1968). 
Occasional basophil cells were found in the pars intermedia of the river lamprey 
by Ruhle and Sterba(1966). Vacuolization of the cytoplasm of adenohypophysial 
cells is found when there is extrusion of secretory products. 


Hypophysial extract from the lamprey showed marked corticotrophic activity 
when tested on mice(Strahan, 1959) and on toads(Larsen and Rothwell, 1972), 
Strahan(1962) found evidences for the cxistence of ACTH in the hag and lamprey 
pituitaries. Thirty whole hag pituitaries could significantly increase the weight 
of the adrenals of immature female mice. The pituilary gland of the lamprey is 
much more potent, 5 glands being sufficient to give a significant response, 
Increase in uterine weight in immature mice could be achieved by both 
lamprey and hag pituitaries, but there was no noticeable ovarian response, 
Thyrotrophic effect could not be demonstrated also. Jorgensen(1976) reviewed 
the submammalian vertebrate hypothalamic-pituitary-adrenal interrelationships, 
Molnar and Szabo(1968) trearcd the Transylvanian lamprey(Eudontomyzon 
danjordi) with aldactone. There was degranulation of the lead haematoxylin 
een cells. Larsen and Rothwell (1972) noted similar effects in 


From the observation of Knowles(1941), Barrington and Sage( 1966), ung 
un 
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renal functional interrelations do exist in cyclostomes they are less developed 
and differentiated than in higher vertebrates,” 


The ultrastructure has been described briefly by Bage(1971) and Larsen and 


— Tsuncki and Gorbman(1975) described the structure of the 


s distals of the lamprey, Lampetra tridentata in details. The pars distalis 
cin be divided into rostral and caudal parts, Three types of secretory cells have 
noted in the rostral pars distalis: (1) intensely chromoplulic cells stained 
ish violet; (2) large round cells stained weakly with AF; and (3) chromo- 
phobic lis (less in number). The cells of the first type are more frequently 
found, The two lateral lobes of the caudal pars distalis proceed anteriorly and 
partly surround the rostral pairs uistalis from the sides. The cells are arranged 
in cords as is found in the rostral pars distalis. The caudal pars distalis contains 
three cell types : (1) chromophobie cells are abundant ; (2) intensely green cells 
are infrequent; and (3) round cells intensely gamed with AF. 


` Ultrastructurally there are three types of secretory cells in addition to non- 
secretory cells in the rostral pars distalis. The nonsecretory cells are less fre- 
quent. The slender cytoplasmic processes extend among the secretory cells 
These stellate cells are also found in the pars intermedia of the lamprey and more 
frequently in the caudal pars distalis. In the rostral pars distalis type I cells (gra- 
nule diameter 2300-5000 A) are plenty in number. This cell type may correspond 
to the most highly basophilic cells. The diameter of the granules of type II cells 
is 1100-2000 A. The granules of type ITI cells are 2800-3800 A in diameter end 
this cell type possesses high synthetic activity. The type VII cells which are 
normal inhabitants of the caudal pars distalis may also occur here. The caudal 
pars distalis contains five types of granulated cells and two types of nongranulated 
cells. The diameter of the granules of different cell types is as follows : type 
IV-2400 to 3000 A; type VI-1100 to 1800 A; type VII-1800 to 2400 A; type 
VIN-1500-2500 A; type IX-1200-1800 À. Type IV cells may correspond to the 
basophilic cells. Type V cells are agranular and show well developed vacuolar 
system. Type VI is the most frequent cell type in this location, The stellate 
cells are also agranular cells. 


The awhors did not find any nerve fibre in the pars distalis Vascular con- 
nections between pars distalis and brain could not be observed 


~ Lofts and Bem(1972) and Weisbart and Youson(1975) thought that the pre- 
sunpive ad tissue is situated in the prunephric part of the sea lamprey, 
Petro marinus, Plasma corticosteroids could not be detected in Petromyzon 
(1970). Weisbart and Youson(1975) found 11- 






in incubation studies 
in the larval and adult 
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of Lampetra fluviatilis (river lamprey) (adult females) with or without mammalian 
ACTH(Buus and Larsen, 1975). 


Sandor(1979) therefore stated, “It can be accepted that Agnatha most prob- 
ably produce adrenocorticosteroids of the cortisol-cortisone-corticosterone types.” 


Weisbart er al(1980) could identify cortisol, 11-deoxycortisol, corticoge 
Il-dehydrocorticosterone, and testosterone in the sera of the Pacific hag 
Eplatretus stowi, and of the sea lamprey, Petromyzon marinus, by doubl¢-isot 
derivative assays(DIDA). 17a-Hydroxy-208-dihydroprogesterone was gi y 
identified in the scrum of ACTH4rcated sea lamprey. In either fish cortisone 
or 11-deoxycorticosterone could not be found. By a radioimmunoassay method, 
circulating levels of cortisol, 11-deoxycortisol, and corticoaterone were also 
measured in individual hagfish. Multiple injections of ACTH consistently elevated 
serum concentration m hagfish. Effects of ACTH on other steroids were variable, 


Crim ef al.(1979) studied the distribution of immunoreactive luteinzing hor- 
mone (ir-LHRH) in brains of agnathan fishes (comparisons of adult Pacific 
Lamprey, Entosphenus tridentata and the Pacific hagfish, Eptatretus stouti), 
LHRH-+cells were noted in the preoptic nucleus of lampreys. Beaded axons 
having Herring body-like dilafalions were stained and found to pass ventro 
-posteriorly into the infundibulum ‚where presumed nerve endings were noted in 
the neurohypophysis. Vasotocinergic cell bodies are AF+, but the i-LHRH-+cell 
bodies are distinct from them. LHRH-negative areas are other parts of the 
lamprey brain, and any pert of the hagfish central nervous tissues. The authors 
could not find any way of transfer of ir-LHRH from hypothalamus to the pars 
distalis in lamprey. “However, detection of mammalian-like ir-LHRH in brain 
of this primitive agnathan fish indicates that this peptide may be of great evolu- 
cionary antiquity.” 

With advanced reproductive status the Western brook lamprey (Lampetra 
richardsoni) showed greatest distribution of ir-LHRH (Crim ef al, 1979). By 
radioimmunoassay whole brain extracts of lamprey and hagfish have been shown 
to contain ir-TRH (Jackson and Reichlin,1974), and ir-somatostatin(Vale er al., 
1976) respectively. Holmquist er al.(1979) characterized cholecystokinin-like 
peptides immunochemically in lamprey gut and brain. Dickhof er al.(1978) 
obtained lack of effect of synthetic thyrotrophin releasing hormone in Pacific 
hagfish (Eptatretus stouti) pituitary-thyroid tissues in vitro, Treatment with TRH 
could not show pituitary related actions in myxinoids in vivo (Tsuneki and 
Fernholm,1975). 


TRH is present in the head end of the amphioxus (Jackson and Reichlin, 
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evolution of neurohypophysial hormones. In a sense, the pituitary has co-opted 
TRH as a regulatory hormone.” 


Crim et al, (1979) immunocytochemically located LHRH in brains of agna- 


>» than fishes. Patterns of immunoreactivity in larval and maturing Western brook 


lamprey (Lampetra richardsoni) have been described by them. In larval animals 
kant specific LHRH + areas corresponded to the posterior preoptic nucleus, fibre 

acts passing ventro-posteriorly into the infundibulum and the nerve endings in 
the neurohypophysis. In non-reproductive adults faintly stained LHRH + cell 
bodies were found throughout the preoptic nucleus. Intense staining of neurohy- 
pophysis was obtained, In reproductive adults, heavy stainmg was observed in cell 
bodies of preoptic nucleus, in beaded axons which contained Herring body-like 
dilatations and in the neurohypophysis. Aldehyde fuchsin + vasotocinergic cell 
bedies were distinct from ir-LHRH cell bodies. Other brain areas and control 
preparations showed negative response. The immunoreactivity increased with 
metamorphosis and sexual maturation, Mechanisms of transport of LHRH from 
preoptico-neurohypophysial system to the pars distalis could not be established 
by the authors. 





CHAPTER 8 






THE PITUITARY GLAND OF THE ELASMOBRANCHIOMORPHS 


Wingstrand(1966) discussed the development in details. The elasmobrandhs 
have a saccus vasculosus which is developed from the embryonic saccus infyRdı- 
buli, The pars intermedia is situated below the neural lobe and intimately fused 
with it to form the neuro-intermedia, The neural lobe interdigitates or ramifies 
within the intermedia. Variation in the intermingling of the two components is 
noted. The clongated pars distalis is divided into a dorsal and a ventral iobe. 
The dorsal lobe has a head and a tail. The narrow rostral part is called the 
head and the wide caudal part is called the tail. The dorsal lobe extends for- 
wards beneath the infundibular floor. An epithelial stalk connects the ventral lobe 
with the tail of the dorsal lobe. The epithelial stalk is hollow in the embryo 
(Alluchon-Gerard,1971). A hollow and complicated Rathke’s pouch gives rise 
to the adenohypophysis including the ventral or inferior lobe. The ventral lobe 
is detached from the main gland. In sharks Mellinger( 1960) and Meurling(1960) 
described a typical median eminence and a portal circulation. 


The pars distalis is developed from a hollow Rathke’s pouch (fig. 8.1) but 
the anlage is very much complicated. The top of the pouch attached to the 
saccus infundibuli gives rise to the pars intermedia and it includes most of the 
sboral lobe. A pair of lateral lobes bends downwards and fuse below the main 
gland and forms the ventral lobe. The lateral lobes of the tetrapods do not 
bend downwards. The ventral lobe is separated from the main gland. Part of 
pais distalis is formed by that part of Rathke’s pouch which is situated between 
the epithelial stalk and the pars ıntermedia. [t is mainly developed by a large 
anterior process (Vorraum of Woerdeman, 1914). “This process is folded off 
from the oral ¢ctoderm later than the other parts, but since this is true also for 
the anterior process of tetrapods, the homology appears to be well founded”. The 
tail of the dorsal lobe is formed from part of the aboral process of Rathke’s 
pouch. Wingstrand(1966) and Alluchon-Gerard(1971) thought that the ventral 
lobe seemed to be homologous with the tetrapod pars tuberalis. In the sharks the 
ventral lobe is situated in the ventrocaudal corner of the selia. In the rays, it is a 
flattened body which is situated more anteriorly and sometimes below the 
chiasma, In adult holocephalians the dorsal lobe cannot be discerned to have a 
head and a tail and in place of the ventral lobe, they have a follicular glandular 
structure called the Rachendachhypophyse. This is far anteriorly situated, out- 
side the cranium and in the roof of the oral cavity. The ventral lobe is homo- 
logous with the pars tuberalis “and the different fate of the analge in later stages 
can hardly weaken this conclusion, but some doubt has been expressed (Gorbman 
and Bern, 1962; Diepen, 1962).” The Rachendachhypophyse in young Chimaera 
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monstrosa is connedted to the head of the dorsal lobe by an epithelial cord 
(Honma, 1969). In Hydrolagus colliei the Rachendachhypophyse is developed 
us an evagınation from the oral part of Rathke’s pouch and not from the lateral 
processes which form the ventral lobe and pars tuberalis. Honma(1969) stated 
that in young Chimaera an epithelial stalk of Rathke’s pouch connects the anlage 


N of Rachendachhypophyse to the head of the dorsal lobe. There 5 gradual 


Isuppearance of this sialk with the growth of cartilage which separates the 
tzchendachhypophyse from the pars distalis. Holmes and Ball(1974) stated, 
Thus, the Rachendachhypophyse is not embryologically comparable with the 
se aac ventral lobe, and its development suggests instead a tentative homoiogy 
with the buccal part of the pituitary of the coelacanth, Larimeria; both structures 
may simply represent a detached piece of the rostral tip of the pars distalis.” 





Fig. 8.1. Scyliorhinus canicula, Sagittal section of the pituitary region of 
an embryo (after de Beer). (cd), notochord: (cerv), brain; (ci), 
internal carotid artery; (Com pe), precarotid commissure; (Com 
p pil), postpi uitary commissure; (ds), dorsum sellae; (pit). 
pituitary y; (pt), trabecular plate; (svhy). ventral sac of the 
hypophysis; (v pit), pituitary vein—From Devillers (1958). 
Courtesy of Dr P. P. Grasse and Masson et cie Editeurs, Pars 


Two main types of plagiostome pituitaries could be recognized by Stendell 
(1914) and Norris(1941). (1) The sgualoid type: it is found in sharks, dogfishes 
and skarklike rays. The pars distalis is hollow. The head of the dorsal lobe 
contains vesicles or tubules which communicate with the spacious hypophysial 
cavity. The tail of the dorsal lobe (mesoadenohypophysis) consists of simple 
folds of the wall of the large hypophysiel cavity. Norris(1941) observed in 

achus that the intermedia also may consist of hollow tubules; but 
962) observed thet the intermedia is usually composed of compact 
tend to coalesce. (2) The batoid type : it is found in typical skates 
‘The hypophysial cavity is small or obliterated end the entire dorsal lobe 
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“iS a More compact structure consisting of cords and clusters of cells” (Wingstrand, 
1966). The dorsal lobe of the holocephalian is always hollow. The ventral lobe 
of the selachian is hollow and often vesicular (Ball and Baker, 1969). Holmes 
and Ball(1974) stated that these spaces and vesicles represent a persistert hypo- 
physial cleft and the colloid within them is PAS-positive, aldehyde fuchsin- 
positive, and alcian blue-positive. The colloid may contain gonadotrophin — 
thyrotrophin. Della Corte(1961) and Mellinger(1962) found the glandular cell 
of the ventral lobe to be of one type and basophilic. There are indication: 
from recent works that the colloid is secreted by nonendocrine pericavity cell”, 
Mellinger(1969) and Alfuchon-Gerard(1971) found these cells to be chromppbhic 
and they were linked to each other by desmosomes and they secrete glycoprotcina- 
ceous colloid akin to that of the mucus secreting stomodeal epithelial cells. 
These cells may be homologous with the stellate cells found in the edenohypophysis 
of other vertebrates (Vila-Porcile, 1972). Variable number of giant cells have 
been noted in the walls of the selachian cavities and Mellinger(1969) thinks that 
the colloid may be resorbed by them. 


van Oordt(1968) said that in the Pleuro‘remata and Hypotmmata the pro- 
adenohypophysis has one cell! type. These cells are elongated and the granules 
are strongly PAS-positive and lightly AF-positive. These granules cam also be 
stained by erythrosin, acid fuchsin and orange G and they are rich in sulfhydryl 
groups. The mesoadenohypophysial cells are elongated and the granules varying 
in amounts are erythrosinophilic, orangeophilic and weakly PASspositive. Cya- 
nophilic granules are also present, Mellinger(1960, 1962, 1963, 1964, 1966) noted 
the presence of only one cell type and depending upon the functional state of 
the cells they contained either orangeophilic or cyanophilic granules. However, 
two cell types have been described in tthe mesoadenohypophysis by Della Corte 
(1961) and Della Corte and Chieffi( 1961). One cell type is situated dorsally and it is 
acidophilic. More ventrally situated cells are cyanophilic. The metaadenohypophysial 
cells which line the sinusoids are ovoid or elongated, One pole extends towards 
the blood vessels. Centrally situated cells have no such protrusion, The cells 
contain faintly PAS-positive and weakly erythrosinophilic granules. Ventral lobe- 
cells are elengated and the granules are strongly PAS +, AF + and AB +. Similar 
strong reactions have been noted for the colloidal material situated in the cavities of 
the pars distalis and the ventral lobe. Basophils, acidophils and chromophobes are 
pres£ni in the dorsal lobe of Holocephalians. Two tvpes of basophils have been 
noted in the Rachendachhypophyse. Both of them are PAS-+ ; one type is AF+ 
while the other is AF-(Ball and Beker, 1969). 


The pituitary of Scyliorhinus caniculus hes been studied with eleciron micro- 
scope by Mellinger(1964) and the neurointermediate lobe of the same species 
has been investigated by Knowles(1965). Spherical secretory granu in the 
cells of the proadenohypophysis vary from 100 to 300 or 400 nm in diameter, 
Those in the mesoadenohypophysial cells vary from 100nm to 900nm in din- 
meter. Two separete cell types have been detected in the ventral lobe. One 
group of cells has large granules of 400 to 1,000 nm in diameter. Th other group 
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of cells has small granules of 70 to 100 nm in diameter. The metaadenohypophy- 
sial cells have granules of 300 nm in diameter but sometimes very large granules 
(1,300 nm in diameter) are encountered in the basal part of the cells which line 
the blood vessels. These granules have an electron dense outer rim and the centre 
is electron—lucent. Alluchon-Gerard(1978) described the ultrastructure of the 
Niger: adenohypophysis. The ventral lobe is the major gonadotrophic part of 

We pituitary (Dodd er al, 1960; Firth and Vollrath, 1973; Lance and Callard, 
178; and Sumpter ef al, 1978). Biochemical and autoradiographic #udies on 
thà, estradiol—concentrating cells in the diencephalon and pituitary gland of the 
femal (Scyliorhinus canicula L.) were conducted by Jenkins er al. (1980). 
The main areas“Of label concentration were the preoplic, habenular, hypothalamic 
tuberal nuclei, and the ependyma of the {third cerebral’ ventricle, cs revealed by 
the autoradiographic study. Estradiol uptake was very little in the pituitary lobes. 


Immunochemical and biological studies with antiserum to shark growth 
hormone (GH) indicate that structure of shark GH differs significantly from that of 
modern bony fishes (Hayashida and Lewis, 1978). 


Dodd(1960) and Mellinger(1962) noted hyperactivity of the cells in the 
ventral lobe of dogfishes (Scyliorhinus caniculus) with enlargement of thyroids. 
Their conclusion was that the thyrotrophs were situated in the ventral lobe of 
the adenohypophysis. Injections of the extracts of the same animal into the 
newly hatched dogfishes markedly increased radioactive iodine uptake, Extracts 
from other parts of the pituitary did not show the same result (Dent and Dodd, , 
i961). Thyrotrophic function was however ascribed to the proadenohypophysis 
by Della Corte and Chieffi(1961) as these cells differentiate early in the young 
Torpedo marmorata. 


Surgical hypophysectomy either total or partial and replacement therapy with 
mammelian hormones proved that the ventral lobe secretes gonadotrophins in 
dogfish and Skate (Dodd,1960; Dodd er al..1960). Mellinger(1964) also con- 
firmed the conclusion that the cells of the ventral lobe have a gonadotrophic 
function. In female dogfishes there is considerable increment in the size of the 
ventral lobe at sexual maturity than the rest of the pituitary (Dodd,1960; Dodd 
ei al,,1960; Della Corte,1961; Mellinger,1964). Dela Corte and Chieffi( 1961) 
noted a correlation between the cells of the ventral lobe and gestation in the 
female Torpedo marmorata. deRoos and deRoos(1967) obtained ACTH activity 


in the head of the dorsal lobe by bioassay. Sumpter ef al.(1978) studied the 











i and properties of gonadotrophin from ventral lobes of the pituitary 
the Sumpter er al.(1978) concluded that the main source of 


* r lan u f u the dogfish, 
- gonadot inae egg ventral we of the dogfish re Other lobes contain 


— of Holocephali consists of follickes and cysts with 
chromophobe and also AF-positive cells (Sathyanesan,1965). 


* studied by Sathyanesan(1965) and Jasinski 
d et al:(1980) noted the presence of a gonadotrophin 
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in the rachendachhypophyse of the pituitary gland of the rabbit fish Hydrolagus r 
collieı and it is the main source of gonadotrophin in the holocephalan pituitary 
and thus it appears to be the functional equivalent of the ventral lobe of the 
elasmobranch (from Ball and Batten, 1980). 
Püuitary of Hydrolagus colliei ; 
Part of the pituitary Cell types 
Proadenohypophysis Fuchsinophilic, 
PAS-negative, . 
AF-negative 7 
Mesoadenohypophysis PAS-and AF-positive 
basophils and acidophils * 
Metaadenohypophysis Acidophilic cells 


It has been suggested that the ventral lobe secretes gonadotrophin as has 
beer detected by bioassay (Scanes ef al.,1972), total or partial hypophysectomy 
and replacement treatment with mammalian hormones. 





Hormone Location of Method Authors 
cells study ú 
__Gonadotrophin Ventral lobe Bioassay ~ Scanes et dl. 
(1972) 
Hypophysec- 
tomy (totar 
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Hormone Location of Method of Authors 
cells study 
EEE 

ACTH Head of the Bioassay deRoos and 
dorsal lobe deRoos (1967) 

, Chemical Mellinger 

or surgical (1969, 1972) 

À adrenalectomy 

LITH N, Head of the Bioassay Sage and 
dorsal lobe Bern( 1972) 

STH Tail of the Holmes and 
dorsal lobe ? Er ee Ball(1974) 





Hoar(1969) discussed the reproduction in fishes. True viviparity has been 
found only in Clasmobranchs and teleosts, In beth the groups there are ovovi- 
viparous and viviparous species, In the former one there is plenty of yolk in 
the eggs for the nourishment of the young and only protection is afforded by the 
female. In the latter type the yolk is greatly reduced and the developing young 
is connected with the maternal tissues in very early stage and derives nourisnment 
from the maternal tissues. Viviparity has been reviewed by Hoar(1957, 1969), 
Budker(1958), Berting1958) and Amoroso(1960). In Chondrichthyes the fertili- 
zation is always in 


Budker(1958) ®\he Chondrichthyes into oviparous and viviparous 
groups. The viviparous was subdivided into aplacentals and placentals. The 
maternal-foelal relationships in the elasmobranch fishes have been summarized 
by Ranzi(1934) (fig. 8.2). The rectangles on ‘the lefthand side of ‘he ordi- 
nate shows the amount of organic matter which is being derived from the 
mother by the embryo. (—) sign indica’es that this dots not happer, The 
rectangles to the righthand side of the ordinate shows the content of the organic 
matter in the uterine fluid. The dotted lines with (?) indicate probable values. 
Reduction of the maternal liver during deve'opment is measured by factor R and 
indicated by black bars. Histological structure of the uterine lining is shown 
on extreme righthand side. 


Budker(1958) described three types of uterine secretions; serous secretion 
(feeble), mucous secretion (intense), and lipidic secretion (abundant). 

Figures 8.3 and 8.4 show the relations of maternal and foetal tissucs and 
the placenta of Mustelus canis (afier Ranzi). 


In pregnant female selachians Ranzi(1936, 1937) noted hypertrophy and 
mia of the pituitary with decreased acidophilia. Chicffi(1961, 1967) and 
and Chieffi(1961) confirmed these findings in elasmobranchs. Hoar 
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(1969) said that the pituitary plays very little or no part for the maintenance of 
pregnancy in elasmobranchs but it may be invoived in some teleosts. 


Hypophysectomy in Mollienesia latipinna during pregnancy did not show 


any bad influence (Ball, 1962). The reverse effect was, however, noted by 
Chambolle( 1964) in Gambusia. 


8.2 





Fig 8.2. Maternal and foetal relations in different types of 
Selachians (after Ranzı) —From Budker (1958), 
Courtesy Dr. P. P. Grasse and Masson et cie 
Editeurs, Paris. 


Pars intermedia: In selachians it secretes MSH. Mellinger (1963) found 
hyperplasia and degranulation of the cells of this location in Scyliorhinus 
caniculus after lesions of the hypothalamus or neurohypophysis. An increase 
in the amount of ergastoplasm was observed in these cells. The melanin granules 
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er dispersed in the melanophores of the skin of such animals. Similar effects were 
observed after heterotopic transplantation of the neurointermediate lobe. 


The pars intermedia cells of the elasmobranch contain osmiophilic and 
acidophilic globules. Della Corte(1961), Meurling(1963) and Mellinger( 1963) 
thought that these globules are due to cellular degeneration. Knowles( 1965) 
considered them to be hormone glores. 





Fig. 8.3. Embryo of Mustelus canis. Placental region. (a). foctal 
tissue; (b), envelop of the erg: (c), maternal tissue 
(after Ranzi)—From Budker (1958). Courtesy of Dr 
P. P. Grasse and Masson et ce Editeurs, Paris. 





Fig. &4. Placenta of Mustelus canis. The uterine wall and the maternal tissues are 
in black below; above there are foetal tissues. (av), umbilical artery: (ps). 
Yolksac wall; (c), Yolksac cavity; (cm), mucous glands; (cv), vitellomtesunal 

(gs), orm glands, (pu), wall of the uterus; (ve), foetal blood 

vm), meternal blood vessels; (vv), umbilical vein (after Ranzi) — 
(1958). Courtesy of Dr. P. P. Grasse and Masson et cic 
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Lobular arrangement of the intermedia cells is present and the lobules are 
separated by highly vascular connective tissue or there is a fusion of -the cell 
cords 10 form a mass penetrated by blood vessels (Meurling, 1972). Penetration 
of neurohypophysial fibres may be less in the sharks or more extensive as in the 
dogfish and the rays. 


Cells in the intermedia of Scyliorhinus stellaris were differentiated into 
central and peripheral cells by Knowles( 1965) depending on the shape, situation 
and ultrastructure. The peripheral cells lying close to the blood vessels act ‘as 
store house of MSH and sudden release of the hormone can take place. MSH 
's not stored in the central cells and a slow and steady release e hormone 
from these cells may occur. The peripheral cells have a synthetic apical region 
and a basal region for hormone release. Type A or peptidergic fibres make 
direct synaptoid contacts with the synthetic poles of the intrinsic intermedia cells 
and type B or aminergic fibres make similar contects with the release poles. 
Knowles er al.(1970) found greater complexity of innervation. Type A and 
type B fibres innervate the synthetic pole in S. stellaris. Meurling and Björklund 
(1970) observed that in the Skate Raia radiata both types of fibres innervate 
both the poles of the intermedia cells. These nerve fibres also innervate the 
biood vessels in addition to the innervation of the cells. Mellinger( 1962, 1963, 
1964) observed only type A fibres in the neurointermediate lobe of S. caniculus. 
Meurling(1972) thought that the inhibitory control of MSH secretion involves 
catecholamines ın the intermedia and it operates through neurovascular and 
ncuroglandular mechanisms. Chevins and Dodd(1970) ascribed the inhibitory 
control to the preoptic nucleus by lesion of the nucleus, section of the tract and 
ectopic transplantation of the neurointermediate lobe in Raja species, In Raja 
synthesis radiata inhibition of end release of MSH is through type B aminergic 
fibres (Meurling ef al., 1969; Meurling and Björklund, 1970) and type A fibies 
do not control the cellular function. Holmes and Ball(1974) statea, “to recon- 
cile all these findings, one must postulate either marked” species variation, even 
within the same genus, in the role played by type A and type B fibres, or else 
Suppose that the inhibitory type B fibres in the species studied by Chevins and 
Dodd(1970) originate in the preoptic nucleus rather than in the nucleus lateral- 
is tuberis. The matter clearly requires further investigations, although the salient 
feature of a hypothalamic inhibitory control of MSH secretion is firmly established,” 


The neurohypophysis: The saccus vasculosus is developed from the dorsal 
wall and the lateral diverticuli of the embryonic saccus infundibuli. The saccus 
vasculosus has typical crown cells (Dammerman, 1910; Tilney, 1915; v.d. Kamer 
and Schuurmans, 1953; and Dohm, 1955). These cells may be absent in some 
specimens of Dasyatis and Torpedo (Bargmann, 1954). The ventral wall of the 
embryonic saccus infundibuli gives rise to the neurohypophysis which is situated 


ventral or caudal to the saccus vasculosus. The neurohypophysis has a thin 


wall which is in contact with the intermedia and the processes from the former 
proceed into the latter, The preoptic nucleus sends fibres into the preoptico- 
-neurohypephysial tract. The neurosecretory material(nsm) is AF-positive which 
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can be seen in the projection of the dendrites into the third ventricle. Some of 
the fibres m the tract end on the primary portal capillaries in the median eminence 
(Perks, 1969). Granules of 180nm in diamdier in type Al fibres are destined 
for the neurointermediate lobe and granules of 130nm in diameter in type A2 
fibres are for the median eminence(Mellinger, 1964). The granules in the 
nucleus lateralis tuberis are AF-negalive, and belong to type B granules and are 
80nm in diameter (Mellinger, 1962). The fibres proceed to the median eminence 
and the neurointermediate lobe. Urano(1971) noted monoamine oxidase in these 
‚cells, Similair activity has been observed around the blood vessels of the neuro- 
——— of the dogfish Triakis. In the neurointermedia fibres of the 
preoptic nucicts are very near the ependymal lining of the infundibular recess 
and the ependymal processes are directed ventrally and are noted to mixewih 
the neurosecretory fibres. Wingstrand(1966) said, “The processes into the inter- 
media may be short and broad and tend to interdigitäte with the cell cords of 
the intermedia as in squalus, or the limiting membranes between the lobes 
may have disappeared and the nerve fibres spread into the intermedia in a diffuse 
manner (Ratu) or in bundles, which enter the cell cords as in Scyllium(Meurling, 
1962). The neurohypophysiall processes ara hollow in Hexanchoid sharks and 
Chlamydoselachus (Stendell, 1914; Norris, 1941), partly also in Squalus(Meur- 
ling, 1962). 


Median eminence : Meurling(1960) and Mellinger(1960) described the median 
eminence in sharks and rays. Its location is in between the lobi inferiores 
of the brain and it is in close contert with the snterior end of the adeno- 
hypophysis. The superficial neurosecretory nerve endings are in the palisade 
vessels pass into the pars distalis in Squalus. In Ria and Scyllium portal 
layer having an intimate contact with a dense capillary net. Few small portal 
vessels also pass to the neurointermedan. The elongated median eminence of the 
Holoctphalian is not divisible into anterior and posterior parts. 


A connective tissue sheet separales the median eminence from the dorsal lobe 
of the pituitary and Mellinger(1966) found it to be missing at places. The median 
eminence has an anterior and a posterior part, corresponding to the head and 
tail of the dorsal lobe of selachians. The primary capillary plexus is formed by 
the branches of the inferior hypothalamic artery (Mellinger, 1964; Follenius, 
1965; Jasinski, 1969). In tthe posterior part of the median eminence of the 
dogfish the primary capillaries form two groups of glomerular vessels which 
are longitudinally disposed and the glomerular loops penetrate upwards into 
the palisade layer. In the anterior part of the median eminence the primary 
C ies are continuous with the capillaries of the head of the dorsu! lobe, 
e being no portal vessels. The glomeruloid capillaries in the posterior 
* dian eminence proceed as portal veins veins and communicate with the capillaries 
of the tail of the dorsal lobe. Preoptic nucleus sends type A2 fibres with 
-secretory granules of 130nm in diameter and nucleus lateralis tuberics sends 

ype B fibres with granules of 80nm in diameter to the primary capillaries 
types) also end on the glomerular vessels of 
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the posterior median eminence (Mellinger, 1960, 1962, 1964, 1966; Mellinger 
et al, 1962; Follenius, 1965; and Chevins, 1968). The ventral lobe of the 
pituitary does not get any portal blood but Chevins(1968) found it in Raja, 
There is no direct neurosecretory innervation of the dorsal and ventral lobes 
(Holmes and Ball, 1974). 


Gonadotrophic(LH-like) cells have been noted in the ventral lobe ‚by - 


immunofluorescence and ACTH cells have been located in the head of the dorsal 
lobe of selachians (Mellinger, 1972) and also occasionally in the neurointermediate 


lobe. Fontaine and Olivereau(1975) said “However, there is no cross-reaction 
with anti-aMSH and anti-3MSH antibodies. or with porcine — 


porcine anti-B and aLPH (lipotropic hormone) (Mellinger and Dubois, 1973)" 
“=P” uptake ky the young chick gonad, influenced by TSH and LH shows gonado- 
trophic activity only in the ventral lobe (Scanes er al., 1972). 


The ependyma of the neural lobe is well developed in mosi of the non- 
mammalian species, especially in fishes, reptiles and birds. In the non-mammalian 
species an anatomical link is formed by the ependymal cells between the cerebro- 
Spinal fluid and the neural lobe. An inverse numerical relationship exists between 
the ependymal cells and pituicytes, With few exceptions, no pituicyte is found 
in the neural lobe of most non-mammalian species. In most mammalian species 
the ependyma is apparently absent and plenty of pituicytes in the neural lobe 
could be found. 


_ Regarding the blood supply of the neurointermediate lobe some important 
species differences do exist (Rodriguez, 1971). 


A second hypophysioportal system was described by Mellinger(1960) in 
Scyliorhinus caniculus. Large areas of diencephalon and mesencephalon drained by 
this portal system and the collecting veins branch in the neurointermediate lobe. 
Meurling(1967) found similar arrangement in four other elasmobranch species, The 
degree of branching of the portal (afferent) veins in the neurointermediate wobe 
is variable, It is maximally noted in Scyliorhinus and Pristiurus, and lezst noted 
in Etmopterus. Only the dorsal lobe in Holoce phalians receives portal blood 
und no portal supply to the neuro-intermedia is found (Jasinski and Gorbman, 
1966 ; Meurling, 1967). 

















CHAPTER 9 
THE PITUITARY OF THE PRIMITIVE ACTINOPTERYGIAN FISHES 


The typical characteristics of the actinopterygian pituitary according to 
van om ) are: 

(a) the lateral lobes are completely absent as also the pars tuberalis vevdlop- 
ing from these ; 


- (b) the cells in the pars distalis are segregated and thus that part of the 
adenohypophysis is divided into a rostral and a caudal zone; 


(c) the contact between the pars nervosa of the neurohypohysis and the pars 
intermedia of the adenohypophysis is intimate ; 


(d) a direct innervation of the pars distalis from the more rostral part of the 
neurohypophysis, ie. the median eminence occurs. 


The pituitary of super-order Chondrostei 


I. Order Brachiopterygii and Polypteriformes 


The base of Rathke’s pouch was seen in the adult as a duct to the oral roof 
from an adenohypophysial cavity in the Polypterus and Calamoichthys. Solid ramifi- 
cations of the neurohypophysis invaded the posterior part of the adenohypophysis. 
Dohm(1955) could not find saccus vasculosus in Calamoichthys. Wingstrand 
(1966) described the pituitary of Polypterus. Three histological parts could be 
2 identified in the adenohypophysis. The proadenohypophysis is an elongated struc- 

ture situated anteroventrally in the gland having weakly staining (AF) cells This 

part of the gland was continuous anteriorly wah a thick vascularized ligament 

attached to the preadenohypophysial brain wall. The irregular cavity in the pro- 

adenohypophysis is lined with a continuous layer of ‘tall prismatic cells. The 

mesoadenohypophysis contains both light and dark cells (AF stain). Small, 

little stainable cells of the metaadenohypophysis surround the ramifications of the 

hypophysis. Saccus vasculosus had crown cells and the neurohypophysis had 

ofn fibres. A typical median eminence could be found which 

in contact with the vascularized ligament A typical palisade layer outside 

be th ck bundles of neurosecretory fibres was present. These were close to the 
MHA ries which c mmu ca . with the vessels in the vascular ligament. 

i — rr( 1968) | td hat the lining epithelial cells of the hypophysial duct had 

Strongly alcian b setae Saga These 

al Op of 4t * s distalis. In Polypterus and Calamoichihys, fluore- 
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scent antibody to ovine LTH was bound by cells which were found throughout 
the pars distalis (Aler,1971). The duct cells are therefore not lactotıophs, 
Kerr(1968) said that the proadenohypophgsis contains only one type of basophil 
cells which are strongly PAS-positive and weakly AB-positive. In the mesoade- 
nohypophysis some of these cells have been noted. Lagios(1968) found two 
types of basophils in the proadenohypophysis. In the modern histological des- 
cription of the pituitary of Polyplerus senegalus, P. bichir and Calamoichthys cala- 
bricus Kerr(1968) remarked that the proadenohypophysis is formed by one cell 
type only, apart from the cells of the duct. van Oordt(1968) said that the strongly 
PAS+ and weakly AB+ cell type of Kerr “is not much different $0- 
phils type 3 of amphibians and dipnoans, both in stainability of the @cretory granules 
and in distribution. If this is so, it cam be said that the proadenohypophysis of the 
polypterine pituitary is homologous with the zona ttuberalis (Wingstrand,1966) 
of the amphibian and dipnoan parsdistalis. Not only do both develop from the 
same most rostral tip of the pars distalis, but there is also a common relation with 
Ihe portal vessels and a great similarity in celiular composition. This does not 
mean, of course, that the cells in the proadenohypophysis of the polypterines have 
the same function as those in the tuberal zone of amphibians”. 


Kerr(1968) observed one type of acidophil and three types of basophils in 
the mesoadenohypophyss. The acidophil cells are small and have orange G-posi- 
tive and erythrosine-positive granules. The basophil cells of the predominant 
cell type are of moderate size, clongated and are full of granules which are strongly 
PAS-positive and AB-positive. The cells of the second basophil cell type are 
degranulated and weakly stained by PAS and AB but AF-positive even without 
previous oxidation. The third type of basophil cells is same as is noted in the 
proadenohypophysis. The cells in this location were not arranged in zonal pattern. 
Hayashida (1971) noted STH in Polyplerus pituitary which was immunochemically 
and biologically similar to rat STH. 


Only one cell type was present in the pars mtermedia. This is a small baso- 
philic cell and the granules were PAS-positive, aniline blue-positive and lead 
haematoxylin-negative, The cells are arranged radially surrounding the neurohy- 
pophysial projections. They form a (ive neurointermedinte lobe (Kerr,1968). 
Neuroseoretory fibres did nat penetrate into the pars distalis. 


No nucleus lateralis tuberis has been specially noted in the hypothalamus but 
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little or no aldehyde fuchsin-positive neurosecretory material.. The nerve fibres 
around the primary portal vessels are mainly type B fibres and the eledtrondense 
granules are 91 to 106nm in diameter, Synaptic vesicles can also be detected. 
The fibre endings make synaptic contact with the basement membrane of the 
perivascular space. Fenestrations in the capi! ilary endothelium and pinocytotic 
vesicles have also been noted by Lagios(1968). 


Franzoni et al.(1978) described the hypothalamo-hypophysial system in 
C alamoichth ys calabaricus smithi (Polypteriformes). 


The typicay stratified median eminence contains three different types of 
nerve fibres and terminals having: (1) granular vesicles 600-800 A in diameter 
and clear vesicles of 300-450 A; (2) granular vesicles (900-1200 A), polymor- 
phous dense granules (1300-1600 A), and clear vesicles (300-450 A): (3) dense 
granules (1600-1800 A) and clear vesicles (300-450 A). There are synaptoid 
contacts between nerve fibres of different rypes and ependymal-glial cells, active 
points between nerve fibres and the perivascular space, and typical synapses be- 
tween nerve fibres. 


In the pars nervosa of Calamoichthys aldehyde-thionine + nerve fibres 
contain elementary nturosecretory granules (1000-1500 A), and larger neurose- 
cretory granules (1800-2000 A) are sometimes met with. Some pituicytes ure 
found. Ependymal cells line the infundibular lumen. 


Aldehyde-thionine + bipolar cells with CSF-contacting processes are 
present in the perinfundibular grey of the caudal hypothalamus, near the median 
eminence, The cells have elementary neurosecretory granules (1600-2000 A) 
or dense granules (1100-1800 A), granular vesicles (750-1000 A) and multive- 
sicular bodies, 


The authors suggest, “At least some of the afferent fibres to the median 
eminence are likely to be supplied by the region that passes almost indistinctly 
into the median eminence, where some neurosecretory neurons are still found”. 


Il. Order Acipenseroidei (sturgeon) 


Tilney(1912), Stendell(1913, 1914), Kerr(1949) and Polenov and Baranni- 
kova(1958) studied the pituitary of sturgeons (Chondrostei). Barannikova (1949, 
1950) and Ivanova(1953) discussed tthe histophysiology. No epithelial stalk 1s 
present in the sturgeons. A large hypophysial cavity is found between the pars 
distalis and the pars intermedia. The mesoadenohypophysis is small and 
‘situated middorsally and it is composed of tubules which open into the hypo- 
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is formed as a schizocoe] in an originally compact anlage but do not allow any 
further comparisons with other vertebrates.” 


Most of the cells of the rostral pars distalis are situated around small vesicles 
and most of them are acidophilic. Basophils and chromophobes are less in 
number. Sage and Bern(1972) noted that the acidophils of rostral pars distalis 
may secrete LTH and this has been found in Acipenser pituitaries by bioassay. 
Hansen and Hansen(1975) localized growth hormone and prolactin immuno- 
histochemically in the pituitary gland of Acipenser guldenstaedti Brandt, 


van Oordt(1968) mentioned that the mesoadenohypophysia/fontains: acido- 
phils, basophils and chromophobes. In Acipenser these cells line the vertical 
tubules which communicate with the hypophysial cavity. This cavity separates 
the meso from the metaadenohypophysis. Hayashida and Lagios(1969) could 
attach STH secretion to the acidophils of this zone by bioassay and radio- 
immunoassay in the acipenseroid pituitary. Holocrine extrusion in ventral baso- 
phils of the pars distalis was observed by Barannikova(1964) at ‘the starting and 
progress of the spawning period of Acipenser guldenstadti, These basophils 
completely disappeared after oviposition and the gonadotrophin content of the 
puuitary followed the same pattern. The ventral basophils were thought to be 
the source of gonadotrophin secretion (Barannikova, 1964). In the sturgeon 
thyrotrophic(Jakovleva, 1970), gonadotrophic (Barannikova, 1969) and rostral 
corticotrophic function(Barannikova, 1974) could be detected. 


Nerve fibres from the floor of the infundibulum were found to pass to the 
pars distalis of Amia occasionally but such fibres could not be demonstrated in 
the Lepisosteus and Acipenser. 


A quantitative study was done by Polenov and Pavlovic(1978) regarding the 
functional morphology of the peptidergic neurosecretory cells in the preoptic 
nucleus of the sturgeon, Acipenser guldenstadri Brandt. 


The intermedia has plenty of basophilic cells and some acidophils and 
chromophobes are also present. It is penetrated by branched processes of 
neural lobe, 


Sathyanesan and Chavin(1967) found the aldehyde fuchsin-positive preoptico- 
neurohypophysial fibres to procted to the neural lobe from the preoptic nucleus. 








pituicytes, and type A and type B fibres are present in the 
neural lobe. Polenov et al.(1972) found catecholamines in type B fibres. Two 
types of secretory — a Be es One type of granuli 





is en =: —— —— Re Ser Wi 









THE PITUITARY GLAND OF GANOIDS 179 


The median eminence and the portal system are well developed(Hayashida 
and Lagios, 1969; Ball and Baker, 1969). The pars distalis does not get any 
neurosecretory innervation, Between the anterior neurohypophysis and the pars 
distalis there is a vascular connective tissue sheet and the neurosecretory fibres 
from the preoptic nucleus terminate around ‘the capillaries and this site of contact 
may function as a median eminence (Sathyanesan and Chavin, 1967: Kerr, 1968; 
Polenov, 1966). Hayashida and Lagios(1969) said that at the proximal contact 
arca only type B fibres are met with. These type B fibre endings contain secre- 
tory granules of 76 to 105nm in diameter. The preopticoneurohypophysial tract 
contains Pri of 130nm or more in diameter and ‘the tract passes to the neural 
lobe. The type’ B fibre endings appose against basement membrane of the 
collagenous pericapillary space after mixing with glial processes. The capillary 
endothehum has fenestrations opposite the fibre endings. Synaptoid regions of 
neurosecretory axon terminations are also noted. The source of the type B 
fibres is the nucleus lateralis tuberis, 


The pttuitary of super-order Holostei 


Wingstrand(1966) said that the pituitary of these fishes is very similar to 
that of the teleosts. The proadenohypophysis is vesiculate like the primitive 
(isospondylous) telecsts and no open duct communicates with the oral cavity. 
“The saccus vasculosus is large, and ‘the neurohypophysis invades the metaadeno- 
hypophysis with hollow processes, the lumen of which communicates with the 
ventricle." The development of ‘the holostean adenohypophysis is more or less 
similar to that of the teleosts. The schizocoelic cavity appears in the compact 
anlage of the adenohypophysis of Amia but in the adult, the cavity is reduced 
(Smith, 1914; de Beer, 1923). 


Ball and Baker(1969) studied the pituitary of Holostei in greater details 
using the different staining techniques. In Amia and Lepisosteus no hypophysial 
cavity or duct is present in the adult. The pituitary gnd is attached to the 
infundibular floor (anterior neurohypophysis) along the whole length. The pitui- 
tary in Amia is relatively shorter and deeper than in Lepisogteus. The saccus 
vasculosus is large. Ammia-pituitary is described below after Ball and Baker( 1969) 
and Holmes and Balf(1974). There are closed vesicles or follicles in the rostral 
purs distalis, Kerr(1949) thought that these follicles represent diverticuli from 
the hypophysial cleft. The follidles are lined by tall acidophils which are erythro- 
sinophilic after Herlant’s Alizarian blue tetrachrome (Aliz BT). These are 
and Bern, 1972). They are acidophils 1, 
type is present which is acidophil 2 and they 
The 


PAS +, AF +, AB +. 
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and PbH +. The authors state, “However, after Aliz BT, its coarse refractile 
granulation is brilliantly stcined with erythrosin; the cell usually also contains a 
few large perinuclear aniline bluc+ granules, which, together with the larger size of 
ts erythrosinophilic granules and details of cell shape, allow an easy distinction 
between basophil 1 and the erythrosinophilic acidophil 1 after Aliz BT. It may be 
that basophil 1 should be called an amphiphil.” These cells form a mantle which 
covers the ventral and lateral) parts of ithe gland and encloses the proximal pars dis- 
talis and neuro-intermedia and have a mixture of acidophils 1 and 3. Basophil 1 
may be a gonadotroph, 


In the proximal pars distalis vertical cell cords can be foung«and prominent 
cell type is acidophil 3. This cell) class can be differentiated from acidophils 1 and 
2 by staining with orange G after Aliz BT. Acidophil 3 is possibly a somatotroph, 
It is slightly PAS+. Hayashida(1971) found STH in Amia und Lepisosteus 
having biological and immunochemical resemblance to mammalian STH. Plenty 
uf acidophil 3 cells are situated dorsally near the median eminence and infundibulaı 
11007 and this cel] type is found also in the proximal pars distalis. 


Basophil 2 is small and of rounded shape. R is clearly blue in Aliz BT 
and slate-blue after AB-PAS-OG and AF+ and PbH+. It occupies the dorsal 
and central part. 


Basophii 3 is larger and of angular shape It stains lavender in Aliz BT 
with scattered red granules and also dull blue granules and a few large clear blue 
granules are present near ‘the nucleus, With AB-PAS-OG it stains magenta and is 
more strongly AF+ and PbH+ than basophil 2. Basophil 3 is situated in ventral 
and lateral parts. Holmes and Ball(1974) said, “Basophils 2 and 3 probably 
correspond to the two basophils described by Kerr(1949), and one of them is 
presumably a ithyrotroph”. The function of the other cell type is uncertain at 
present. 


The branching processes of the neural lobe penetrate into the pars interme- 
dia, These processes are hollow proximally and there is a lining of ependymal 
cells. The intermedia hes two cell types. The club-shaped PbH+ cell is most 
frequent and the round, weakly PAS-positive ceil is also met with. After Aliz 
BT, the PbH+ celis stain blue and the PAS+ cell is amphiphilic having red to 
mauve colour, | 

The preoptic nucleus can be divided into dorsal pars magnocelluiaris and 
ventral pars parvocellularis. The nucleus lateralis tuberis can be divided 
into several parts (Sathyanesan and Chavin,1967). The neurosecretory 
material in the neural lobe is AF+, AB+, PAS+, CAH+, and aniline bluc+. 
The neurosecretory fibres come from the preoptic nucleus and and 
Clavin (1967) —— 
vs ag oases be! 970) found that ee 
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fibres with granules from 74-120nm in diameter. Synaptoid contacts between 
typeA fibres and intermedia cells have also been noted. Majority of such fibres 
make synaptoid contacts on the basement membrane of the collagenous intervas- 
cular space in between the neural processes and intermedia cells. 


The median eminence and portal sysiem of Amia was described by Bal? and 
Baker(1969) and Lagios(1970). It is well developed and its blood supply is 
through a branch of the hypothalamic artery. Convoluted preportal arterioles 
are also present, At the depth of the median eminence there are glomeruloids of 
two or pa loops with anastomosis between afferent and efferent limbs. 
They are similka> to those noted in mammalians and like ‘he glomeruloids of the 
posterior median ¢minence found in selachians. Short portal vessels pass into 
the pars distalis from the glomeruloids, The sniterioriy situated glomeruloids 
have endings of neurosecretory fibres on them with nsm as noted in nucleus late- 
ralis tuberis (Ball and Baker,1969). Lagios(1970) found perivascular space to 
surround the glomeruloid capillary, Glial processes and plenty of synaptoid 
endings of typeB fibres abutting agains! the perivascular space are noted. Fenes- 
tration in the endothelium of the perivascular space has been noted. The space 
contains collagen fibres and several overlapping strata of endothelial cell pro- 
cesses. The anterior short portal vessels form secondary perifollicular capillary 
plexus in the rostral pars distalis and supplies the proximal pars distalis. Direct 
supply to the proximal pars distalis comes from the portal vessels which start 
from the more posteriorly situated median eminence. Convoluted plexus inter- 
medius is being supplied by capillaries from the pars distalis system. 
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CHAPTER 10 
THE PITUITARY OF TELEOSTS 


The hypothalamus of the teleosts (Kuhlenbeck, 1977) is extensive and can 
be divided into rostral preoptic hypothalamus and postoptic posterior h alanius, 
each of which can be subdivided into a dorsal (superior) eo err ventral 
(inferior) subdivision. The following description is after Kuhlenbeck(1977). 


The massa cellularis reuniens pars inferior is formed by the dorsolateral ex: 
pansion of the periventricular elements and it extends into the telencephalon. 
Caudobasally the pars inferior blends with the entopeduncular cell groups which 
can be divided into suprapeduncular and interstitial nucleus of the basal forebrain 
bundles. The lateral subdivision of the pars preoptica hypothalami is represented 
by the rostral entopeduncular group, and the massa celkularis reuniens forms a 
transition between lateral and medial subdivision. 


The preoptic recess is situated ventral to the anterior commissure. The 
medially situated periventricular cell mass of the pars preoptica hypothalami pro- 
ceeds towards the rostrally located preoptic recess. Neurosecratory magnocellular 
preoplic nucleus and nonneurosecretory parvocellular part can eilherbe separately 
discemed or théy may be mixed up. The magnocellular nucleus is frequently 
highly developed in the form of discrete nuclear masses (Crosby and Showers,1969). 
It may have a more rostral, an intermediate or a relatively caudal position, The 
parvocellular preoptic nucleus is disposed as dorsoventrally arranged rows of cells 
(laminated appearance) and may be condensed into suprachiasmatic nucleus, 
diffuse supraoptic nucleus etc. 


More differentiation and complexity have been observed in the posterior 
hypothalamic area of Teleosts. 

The postoptic posterior hypothalamus of teleosts has an ependymal organ 
of Kappers-Charlton and this is one of the circumventricular organs. The 





The nucleus rotundus complex is situated in the dorsolateral posterior hypo- 
ee by soie ee 
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The entopeduncular nucleus is scattered amidst the posterior part of basah 
forebrain bundles, 


The inferior subdivision of the posterior hypothalamus contains lobi inferiores 
and saccus vasculosus. The lobi inferiores is divisible into medial (median) 
lobe, lateral lobe and posterior lobe and form the inferior part of the posterior 
hypothalamus. Several recesses are found in them. The saccus vasculosus is 
sttuated in the ventral part of the posterior hypothalamus. The anterior part of 
the lobus medianus contains paraventricular nucleus and nucleus tuberis anterior. 
These neurosecretory cells have relationship to the /rypephysennahe neurosecretory 
system of Ditpes. The paraventricular nucleus includes the nucleus tuberis ventralis 
of Sheldon, the anterior hypothalamic nucleus and the vetromedial hypothalamic 
nucleus of Crosby and Showers(1969). The lobi inferiores contain the peri- 
ventricular cells, nucleus diffusus lobi lateralis, nucleus ‘uberis lateralis, 
nuc'eus tuberis posterior (=nucleus sacci vasculosi), and nucleus mamil- 
laris. The ‘lateral hypothalamic nucleus (nucleus tuberis lateralis) can be 
regarded as merely a ventrocaudal extension of the nucleus preopficus 
magnocellularis (Kappers, Huber and Crosby ;1967). Kuhlenbeck( 1977) consi- 
dered Sheldon’s nucleus cerebellosus hypothalami as apart of nucieus diffusus 
lobi lateralis. The ill-defined nucleus sacci vasculosi may be represented by 
hypothalamic cell groups in the posterior lobe of lobi inferiores. This nuclear 
group is situated dorsal to the saccus vasculosus and ventral to the tegmental cell 
cord of tuberculum posterius, 


Fibre connections (After Kappers, Huber and Crosby ;1967) : 


Telencephalo-hypothalamic paths in the cod is constituted by three descend- 
ing tracts, [hey are the tractus olfacto-hypothalamicus medialis, the tractus olfacto- 
hypothalamicus lateralis and the tractus strio-thalamicus et hypothalamicus. The 
first mentioned tract is connected with the ventromedial or septal portion, the 
second connects with the lateral segmen’ of the telencephalon, and the third con- 
nects with the striatal and epistriatal centres. Of the three, the first tractus is 
the smallest, myelinated and runs ventral to the tractus olfacto-hypothalamicus 
lateralis. It starts from the pars supracommissuralis septi and end in the lobi 
inferiores in front of the termination of the tractus o'facto-hypothalamicus lateralis. 
The authors thought them to represent the septal portion of the fornix system as 
found in higher vertebrates. In many teleosts this tractus is accompanied by 
direct olfactory fibres originating in the formatio bulbaris. The medial olfacto- 
hypothalamic tract is thought to have association with the tractus hypothalamo- 
olfactorius medialis. These two bundles form the medial forebrain bundle. The 


ascending tract starts from the nucleus tuberis posterior, Decussation of part of 
its fibres is obtained in the diencephalon and others in the anterior commissure. 


The lateral olfacto-hypothalamic and sirio-hypothalamic tracts contain both 


decendine and ascending fibres and course“jointly. “The descending fibres origi- 


nate in the paleopallium, the epistriatum, ard the striatum, and end, after a partial 
decussation in the commissura anterior, the nucleus entopeduncularis, the corpus 
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glomerulosum pars rotunda, and the most caudal part of the hypothalamus, the 
tuber posterior, where they come into synaptic relation with cells of oriem of 
the medial longitudinal fasciculus, through which bundle impulses from the 
olfactory (and possibly also non-olfaotory) centres of the telencephalon are 
transmitted to the efferent centres cf the medulla oblongata and the spina! cord, 
Similar hypothalamic connections are maintained by the basal olfactory tract of 
higher vertebrates”, 


Dorsoventral and ventrodorsal fibres can also be found which connect the 
ventral thalamic and hypothalamic areas with the dorsal thalamus and the mid- 
brain (tractus thalamo-lobaris or mamillaris, tractus mesencgetswiobaris or 
lobo-mesencephalicus and the tractus lobo-tectalis). The ascending fibres of the 
tractus thalamo-lobaris or mamillaris start from the large cells of the mamillary 
recess and lobi inferiores hypothalamici. They have been considered by some 
Io be the equivalent of the mamillo-thalamic or Vicq d’Azyr bundle of mammals. 

The tractus tubero-mesencephalicus starts from or ends at the tuber cinereum 
(anferomedial part of the hypothalamus) near the ventricle and courses dorso- 
laterally and terminate in the eminentie thalami or nucleus lentiformis. 


Another connection between thalamic and hypothalamic areas is by the 
tractus geniculo-hypothalamicus of Franz. 


Internuncial fibres connect different parts of preoptic and hypothalamic areas, 
Fibres start from preoptic nuclei and proceed to the tuber cinereum region (trect 
prethalamo-hypothalamicus). They are unmyelinated. Posteriorly this vac ik is 
joined by fibres from the ventral hypethalamic nuclei and passes into the hypo- 
physis and the saccus. Tractus intralobaris connects the tuber cinereum and the 
posterior part of the lobi inferiores. Tractus rotundo-lobaris or lobo-rotundus 
connects the hypothalamic wrth the ventral thalamic centres. The interrelating 
commissural systems are well developed. 


The pituitary of Teleosts 


The pituitary of the teleosts has been reviewed recently by Green(1951), 
Herlant(1954), Pickford and Atz(1957), Dodd and Kerr(1963), Olivereau(1963), 
Stahl (1963), Olivereau and Ball!(1964), , Wingstrand(1966), Ball and Baker(1969), 
van Oordt(1968), Holmes and Ball(1974) and Jorgensen (1976), 


The compact adenohypophysis of the adult teleosts consists of pro, meso, and 
meiaadenohypophysis (Pickford). Olivereau divided the adenohypophysis into ros- 
tral pars distalis, proximal pars distalis and pars intermedia. The two former 
zones cons itule pars distalis. The neurohypophysis consists of solid branching 
processes of nervous tissue projecting into the adenohypophysis (fig. 10.1). in 
the platybasic type (fig. 10.2) the hypothalamic floor is even and the adeno- 
hypophysis is attached to the neurohypophysis along its entire dorsal surface 
(Wingstrand,1966). The infundibular stem is practically absent. The pituitary 
is placed close to the hypothalamic floor (Holmes and Ball,1974). An extreme 
example of this type is seen in the gobiidac (including Zepidogobius). In the 
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= ol a funnel-like depression of the hypothalamic wall, called hypophysial stem 
(Wingstrand, 1966). The stem enters the adenoliypophysis from the dorsal/ 
anterior/posterior aspect. InLophius and Ipnops (Wingstrand, 1966) “the pitui- 
tary is situated far anteriorly in front of the brain and is connedted with the hypo- 
thalamus by a long narrow, nerve-like stem”. The saccus vasculosus is usually 
present. It is separated from the hypophysial area by an unmodified brain wall. 


Sa m 
J ~~ qh \ y BP, 
> i AY — Se i p 
= —S + Ian —* 
Se Sy SR eine @ 
oe owed eS A 





Fig. 10.1, Schematic drawing of the hypophysial structure. (A), Salmo salar: (B). 
Anguilla anguilla. (Agr), anterior lobe ; (Bre), connexion with the base of 
the brain; (Cav), cavity in the anterior lobe; (HypR), infundibular 
recess with diverticulum; (HypF), penetration of the posterior lobe by 
the diverticulum of the neural lobe ; (Mer). middle lobe ; (0), acidorhils ; 
(@), basophils; (NI), neural lobe; (Per), posterior lobe —From Vivien 
(1958). Courtesy of Masson et cie 


Holmes and Ball(1974) said, “In the more primitive teleosts (the isospondy- 
lous forms, including clupeoids, salmonids and apodes) the LTH cells are arranged 


pain, as in the eel, and as in the living ganoid fishes which are related to 
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ancestors of teleosts”, In the herring (Clupea) a lumen is found in the early 
te of the compact adenohypophysis and an orohypophysial duct is present 
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until sometime after the metamorphosis of the larva (Wingstrand,1966). Such 
a duct is present in the primitive teleost Elops saurus (Olsson,1958) and in young 
specimens of Chanos chanos (Tampi,1951, 1953), It is also present in Hilsa ilisha 
(Sathyanesan, 1963). The condition is similar to that noted in Polypterus and 
Calamoichthys The follicles present in the proadenohypophysis of the primitive 
teleosts such as Salmo, Clupea and Anguilla may be regarded as remnants of a 
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Fie 10.2 Hypophysis of Xiphophorus helleri. (IH), infundi- 
bulum: (La), anterior lobe: (Lim), middle lobe; 
(Li), intermediate lobe; (N), ramifications of neu- 
ral lobe —From Vivien (1958). Courtesy of Masson 
el cre 





Fig. 10.3. Schematic drawing of hypophysis of Phoxinus laevis (A) and Cobitis (B). 
(T), pituitary stalk. (Agr), anterior lobe; (Mer), middle lobe, (Pgr), posterior 
lobe.—From Vivien (1958). Couriesy of Masson et cic 


hypophysial cavity. They arise as schizocoelic spaces in the originally compact 
anlage or by budding from other follicles. However, “the conditions in sturgeons 
indicate that the follicles may have arisen phylogenetically from glandular tubules, 
communicating with the hypophysial cavity”. A typical pars tuberalis i absent. 
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Pickford and Atz(1957) reviewed the histology and physiology of the adeno- 
hypophysis. The mesoadenohypophysis is very much like the lelrapod pars dista- 
lis, The cell population includes basophils, eosinophils and chromophobes. Two 
types of basophils and two types of eosinophils could be differentiated. The 
proadenohypophysis has fuchsinophilic cells. Metaadenohypophysial cells are 
chromophobic or basophilic. 

“Diepen(1954, 1955, 1962) suggested that the anterior ramifications of the 
neurohypophysis, which consist of mainly non-neuroseerdiory fibres, should be 
regarded as a modified eminentia mediana (infundibulum) since they represent a 
kind of proximal adeno-neurohypophysial contact” (Wingstrand, 1966). 


Blood supply—Ballı and Baker( 1969) summarized the observations of different 
authors regarding the blood supply of the pituitary gland in teleosts. Holmes 
and Ball(1974) reported the observations upto 1974. Capillaries form a vascular 
plexus within the neurohypophysis near the adenohypophysial boundary or at the 
junction of the neurohypophysis and adenohypophysis (Follenius, 1961, 1962; 
Jasinski, 1961, 1962). The plexus in the neurohypophysis is called the primary 
longitudinal plexus or system of Follenius(1965). Bhargava(1968) studied the 
intrahypophysial vascularisation and the hypothalamo-hypophysial vascular relation- 
ship in the minnow—phextnus phoxinus L. He said, “In the adult conditiors 
the blood vessels in the pituitary stalk are joined to a central longitudinal blood 
vesse| or sinus in the mesoadenohypophysial region of the neurohypophysis. This 
blood vessel is not well defined at the 45cm. stage. In the adults, during the 
prespawning and spawning periods (February to May-June), this blood vessel is 
extremely enlarged and this may indicate the functional importance of the blood 
vessel during this period”. 

Bhargava(1968) said that the ventral hypothalamic artery is probabry the 
median pituitary artery of Barrington(1960) and just posterior to the optic 
chiasma, the anterior hypothalamic artery starts. This artery divides into two 
branches and they are situated by the side of the preoptic recess. They supply 
the ependymal lining of the ventricle, the preoptic recess and the ventral part of 
the telencephalon. The ventral hypothalamic artery while coursing backwards 
gives off a median branch: the posterior hypothalamic artery. The latter divides 
into two median vessels, one anterior and the other posterior branch, The postenor 
branch is known as ventral infundibular artery. This artery gives off paired 
branches to the cpendymal lining of the ventral part of the infundibular cavity or 
recess, The ventral infundibular artery forms a capillary blood plexus wath the 
ring vessels just above the pituitary stalk and then enters into the pituitary gland. 
The ventral infundibular artery is Barrington’s (1960) lateral pituitary artery. The 
ventral hypothalamic artery then divides into a pair of ring vessels. The ring vessels 
proceed backwards within the meninges up to the pituitary and enter the nervous 
tissue of the gland and are connected with the ventral infundibular artery and 
forms a capillary connection just above the pituitary stalk. In the stalk region 
branches arise from i ; and they join with the ventral infundibular 
artery and with one another and enter the pituitary. The vesse’s in the stalk 
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region are connected with blood capillaries in the pituitary gland. There 
is no venous supply of the pituitary except a small branch at the posterior end. 
The left pituitary vein is larger than the right one. “The neurohypophysis has 
ts independent blood supply though indirectly irrigating the adenohypophysis. 
On the basis of blood supply, therefore, the neurohypophysis (its distal portion) 
in the minnow is comparable with the neural lobe of the higher vertebrates.” No 
hypophysial portalsystem exists in the minnow. 


Gomor's CAH positive cells were described by Barrington(1960) just above 
the pituitary stalk in the minnow. Blood capillaries formed loops and connected 
the two ring vessels near these cells, The stainable granules were-fTSo noted by 
Barrington in these blood capillaries. Therefore, he thought this part of the hypo- 
thalamus to have resemblance to the median eminence of higher vertebrates, 
Bhargava(1968) did not agree with this finding of Barrington(1960). The median 
eminence of higher vertebrates is stuated in front of the stalk and the infundibular 
recess but Bhargava noted the Gomori's chrome-alum haematoxylin positive cells 
to he posterior to the infundibular recess in the minnow. These cells occupy the 
same place in the hypothalamus as the nucleus lateralis tuberis of other fishes. 


Green(1951) could not find a portal system in the fish as is noted in tetrapods. 
He said that the blood capillaries or sinuses between the adenohypophysis and 
neurohypophysis in the fish may take up the same function as the portal system 
in hither vertebrates and thus the neurohypophysis of the fish can be compared to 
the median eminence of higher vertebrates. 


Hypothalamo-hypophysial vascular re'ationship was siudied by Kerr(1942), 
Olivereau( 1954), Miller( 1944), Bretschnieder and de Wit(1947) (fig. 10.4), and 
Pickford and Atz( 1957). Breischnieder and de Wit(1947) described the vascularity 
through the arteria infundibularis superficials and the anteria infundibularis inter- 
nae. The centrifugal blood flow from the primary longitudinal plexus in the neu- 
rohypophysis is contrary to the method of flow proposed by them. Possibly 
these vessels correspond to the subhypothalamic cephalic artery of Pickford and 
Atz(1957)., 


Follenius and Porte(1962) studied the appearance, ultrasiructure and distri- 
bution of the neurosecretory material in the pituitary gland of two teleost fishes 
Lebisies reticulatus R and Perca fluviatilis L. They said that the vascular orga- 
nization of the teleost hypophysis differs greally from that of other vertebrates. 
The arterial blood courses at first through the longitudinal arterial network in the 
neurohypophysis (Follenius,1961). Centrifugal capillaries start from this network 
and supply the different hypophysial lobes. The centrifugal capillaries are em- 
bedded in processes of the nervous tissue which invaginate into adenohypophysis. 
Neurosecretory fibre bundles are grouped round these capillaries and follow them 
for some distance. The fibre endings abut against the pericapillary basement 
membrane or against ‘the limiting basement membrane of the process, Here they 
have neurosecretory droplets, mitochondria of different shapes and plenty of 


synaptic vesicles. No perivascular space is present in Lebistes, Neurovascular contacts 
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in all the capillaries of the hypophysial lobes are obtained, Nervous processes con- 
taining neurosecretory fibres have been found in the region of the chromophobie 
zone of the proadenohypophysis of Lebistes. The nerve terminals are also noted 
in the mesoadenohypophysis. The neurovascular contact is greatest in the poste- 
rior part of the pars nervosa. The blood directly passes into the hypophysial vein 
and a small quanti’y may pass through the metaadenohypophysis before reachirg 
the hypophysial vein. Thus in the pro and mesoadenohypophysis the neurosecre- 
lory material crosses the hypophysial cells before reaching the superficial venous 
system. So this neurovascular system: plays a role similar to the portal system of 
tetrapods- which is absent in most teleosts (Follenius, 1961). 





Fig. 10.4. Scheme of hypophysial vascularization of Rnodeus 
amarus. (ac), carotid artery; (an), nourishing 
artery of the hypophysis; (gc), carotid glomus and 
vein ; (i), infundibulum ; (pv), bypophysial venous 

lexus: (vh), hypophysial vein (Bretschneider and 
tt), —From Vivien (1958). Courtesy of Masson 
et cie. 


Follenius and Porte(1962) suggesied the following pathway for the active 
principles of nervous origin controlling adenohypophysial activity. 

“(a) Directly through the basen.cnt membrane to reach the acidophil cells 
of the mesoadenohypophysis and the PAS-positive cells of the metaadenohypophy- 
sis (Follenius and Porte,1961). 

(b) indirectly through a vascular relay in the neurohypophysis of the teleost 
fishes to reach the other types of cells”. 

A typical plexus intermedius is formed which is enclosed by the a —* 
ment membrane in the part of the pars intermedia (Ball and Baker, 
“Henderson, 1969; Knowles and Vollrath, 1966; and Leatherland, 1970). 





120 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Henderson(1969) described the vascular system of the pituitary of the brook 
trout, Salvelinus fontinalis. Two independent vascular beds exist within the 
gland : 


A. Two ventral hypothalamic arteries supply the anterior hypophysis. These 
arteries divide into a superior ramus and an inferior ramus. The superior ranius 
Supplies the area of the nucleus lateralis tuberis. Arterioles from the inferior 
ramus form loops in the meninx over the hypothalamus. As the velocity of 
blood depends on peripheral resistance and as it is increased in the loops, so the 
flow of blood is retarded in the loops which helps in the neurovascular exchanges 
in the neurohypophysis, The primary longitudinal plexus is formed By these 
arterioles and by some branches of the superior ramus. The pars distalis % 
suppled by branches from this plexus which communicate with the sinusoidal 
capillaries in the gland. The venous drainage is to the superficial venous plexus. 


B. The caudal hypothalamic anery supplies the posterior aspect of the 
pituitary and the saccus vasculosus. The plexus intermedius is being supplied 
by branches from the caudal hypothalamic artery, Direct supply to the pars 
intermedia is very small. The venous outflow is to the superficial venous plexus. 


Few arteries from the internal carotids directly supply the adenohypophysis. 
The dorsal and the posterior aspect of the neurohypophysis may get vascular supply 
from the longitudinal plexus situated anteriorly and also from the caudal hypophy- 
Sial artery, 


Holmes and Ball(1974) said, “The anterior primary longitudinal plexus with 
its ramifications probably has the functions of a hypophysial portal system, and 
as in the median eminence of other vertebrates most of the neurosecretory axons 
associated wih this plexus are type B”, 


Henderson(1969) observed aldehyde fuchsin-positive fibre endings in the 
region of the plexus intermedius. 


Sathyanesan and Haider(1971) described portal system in Heteropneustes 
fossilis and Sathyanesan(1972) described the same in Clarias batrachus. How- 
ever, Sundararaj and Viswanathan(1971) could not find portal system in Hererop- 
neustes fossilis. 


Diencephalic neurosecretion and its relationship with adenoh ypophysis in teleosts 
(Zambrano, 1972; Holmes and Ball, 1974; Batten and Ball, 1977: and 
Batten er al.1979) 


Lofgren(1959, 1960) showed ithat the infundibular cavily of the rat is lined 
partially by ependymal cells which vary from those covering the other parts of the 
third ventricle, Activity at the apex of these cells was thought to be showing 
phagocytosis of the contents of the infundibular recess. Infundibular recess is 
filled with neurosecretory material and the ependymal cells absorb it. Conduc- 
tion of the neurosecretory material through these phagocytic cells to the capilla- 


ries of the portal system was by means of a protoplasmic filament terminating on 
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these vessels. Stahl and Leray(1962) said that in mammals, ‘thus a true 
ependymo-vascular pathway would permit the transport of tuberal neurosecreto 
material to the adenohypophysis.” These authors studied the brains and aie 
physis of Mugil cephalus, Mugil capito, Mugil auratus, Morone labrax, Scorpaena 
scroja, Scorpaena, poreus, Diplodus annularis, Gadus capélanus, and H ippocampus 
guttulatus, They could find that the ependymal oells lining the infundibular recess 
in these fishes are different from the cells lining other parts of the ventricle. 
Ependymal layer over the preoptic nucleus & formed by apparently inactive flat 
cells. In the infundibular recess the cells are high and globular. The granules 
at the apical poles of these cells are azocarmine and PAS-positive. At times 
there are large globular protrusions which are surmounted by vesicles having fine 
granules, The basal prolongations of these cells proceed towards the adenohypo- 

8 physis or towards the tuberal area. Tuberal neurosecretion enters into the infun- 
dibular cavity. Basal filaments of the ependymal cells may be in contact with 
blood vessels. Van de Kamer and Verhagen(1954) and Van de Kamer(1955) 
described similar type of ependymal ceils with apical vesicles in the posterior 
recess of Scyliorhinus caniculus. Van de Kamer thought’ of the possibility of an 
absorptive function for these cells, 


Knowles(1965) proposed that there are two main classes of neurosecretory 
system: Type A consisting of fibres releasing peptide substances (peptidergic) 
and type B (amimergic) fibres. In the teleost fish Tinca, a single or double base- 
ment membrane separates the fibre terminals from the pituitary cells (Vollrath, 
1967). In ithe eel intervascular or perivascular spaces intervene between the neuro- 
secretory fibre endings and the intrinsic endocrine cells of all the parts of the adeno- 
hypophysis. In such cases a few fibres can influence a large number of endocrine 
cells by the neurosecretory hormones diffusing over a wide area when they are 
released into the perivascular spaces (Knowles,1971). In Scyliorhinus or Hippo- 
oll campus the pituitary cells are directly innervated. 


e Bern, Zambrano and Nishioka(1971) compared the innervation of the pitur- 
* tary of two euryhaline teleost fishes, Gillichthys mirabilis and Tilapia mossambica 
re reference to the origin and nature of type B fibres. Type A axons of 
Knowles (1965) contain typical elementary neurosecretory granules (ENG). They 
are found directly adjacent to MSH producing cells. TypeB axons contain large 
dense-cored or granulated vesicles(LGV). They make different types of contacts 
with adenohypophysial cells. ‘The pituitary of Gillichthys is partially embedded 
inthe brain and the neurohypophysis forms a dorsol'erul cap, whereas the pitui- 
tary gland of Tilapia is stalked and lies in a hypophysial fossa. 

“In both the species, projections of neurohypophysial tissue is surrounded by 
a thick basement membrane. These projections penetrate into several parts of 
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this area no direct neurohaemal contact was observed. In the rostral lobe of ade- 
nohypophysis of Gülichthys the type B axons course through the basement mem- 
brane and directly innervate the prolactin cells and ACTH cells. In Tilapia thick 
basement membrane and giia-like cells separate the nerve terminals from the 
prolactin cells and ACTH cells. Different types of mesoadenohypophysial cells 
are directly innervated by type B axons in both the species.’ In Gillichthys mom 
of these contacts are of synaptoid nature. Metaadenohypophysial cells (MSH 
ceils) are innervated by type A axons having typical ENG and type B axons. 
Synaptoid contacts were noted in Gillichthys. 


LGV in typeB fibres of Gillichthys have a strongly positive reaction to zinc 
iodide-osmium tetroxide (ZIO). The reaction with typical ENG in type A fibres 
and the secretory granules of adenohypophysial cells is negative with ZIO. After a 
reserpine treatment the dense core of LGV in typeB fibres looks pale after 
double fixation with aldehydes and osmium. The dense core is totally absent 
with only osmium tetroxide fixation, 


Green to Yellow fluorescence was nofed among the cells of the proadeno- 
hypophysis of Gillichthys with Fa'c-Hillarp technique. In Tilapia fluorescence 
was noted mostly in the neurohypophysis. Zambrano(1970) noted that the 
lateral and rostral paris of the nucleus lateralis tuberis are formed by secretory- 
appearing neurons. These neurons have granulated vesicles of the same size ag 
noted in typeB axons in the pituitary gland and and they give a positive reaction 
with ZIO and E-PTA, These neurons showed a strone green-to-yellow fluore- 
scence with Falc-Hil'arp technique. The distribution pattern and situation closely e 
correlated with the dis'ribution of LGV in the nuc’eus lateralis tuberis (Zambrano, 
1970). | 


Typical retrograde degeneration in the neurons of the rostral and lateral 
pars of the nucleus lateralis tuberis of Gillichthys was noled two days after 
hypophyseciomy. The evidences were the disappearance of the endoplasmic reti- 
culum, swelling of mitochondria, disruption of Golgi membranes and presence of 
peripheral emp'y vacuoles. Zambrano(1970) could find almost complete recovery 
at two weeks after hypophysectomy. 


The authors concluded that typeB fibres containing LGV and innervating 
different adenohypophysial cells in the above mentioned fishes are inengi 
and they are the storage sites of the active monoamine. In the dense core an 
active catecholamine is present which is evidenced by poskive ZIO reaction and 
fluorescence readtion, It also contains a carrier protein as evidenced by positive 
E-PTA reaction and a paler core after resarpine treatment. The authors could 


find a similarity of typeB fibres regarding the morphology and histochemistry 
with the adrenergic fibres showing neurohaemal confacts in the outer layer 
of the median eminence of lower actinopterygians, lungfish and tetrapods (Lagios, 
1968; Hayashida and Lagios, 1969; and Kobayashi and Matsui, 1969). — 
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nucleus lateralis tuberis. Urano(1971) confirmed this by demonstraing mono- 
amine oxidase(MAQO) activity in the Japanese eel, Anguilla japonica and in the 
medaka, Oryzias latipes. 


Zambrano, Nishioka and Bern(1972) concluded that the prluwary gland of 
teleost fishes is directly innervated by two types of neurosecretory fibres. Type A 
fibres containing elementary neurosecretory granules, are restricted mostly to 
MSH secreting cells. All glandular cell types are innervated by typeB fibres 
containing LGV. After incubation with 5-Hydroxydopamine, LGV from typeB 
fibres show a higher density than controls, Such fibres undergo degeneration 
after injection of 6-Hydroxydopamine. These resulfs confirm that typeB fibres 
are monoaminergic. Secretory activity of gonadotrophs, prolactin cells, cort'co- 
trophs and MSH cells is regulated by typeB fibres and this has been experimen- 
tally proved, The authors said, “The typeB fibres can be considered as the final 
common pathway linking the nervous and endocrine systems in telcosts.” 


TypeB fibres originate from cell bodies of the nucieus la'eralis (uberis in the 
teleost Gillichthys (Zambrano,1971). The fibres innervate gonadotrophic cells. 
They (cells and fibres) show increased activity after castration, Androgen replace- 
ment therapy abolished this effect. Regulation of gonadotrophic activity was also 
suggested by Knowles and Vollrath(1966) in the cel and by Peter(1970) in the 
goldfish. 


Proladlin cells of teleosts are under inhibitory hypothalamic control (Sunda- 
raraj and Nayar,1969; Sage,1970; Zambrano,1971). Zambrano(1972) found this 
control to be mediated by typeB fibres. Zambrano et al.(1972) destroyed typeB 
fibres of the te'eost Gillichthys by 6-HODA (treatment. The prolactin cells became 
hypertrophied with evidences of increased synthesis. The nuctar membrane is 
highly infolded and there were plenty of mitochondria. The endop'usmic reticulum 

> hypertrophied and there were active Golgi comp’exes. Mitotic figures were also 

noted. The pituitary gland (rostral lobe) of Japanese masu salmon, Oncorliyn- 

chus masou in the parr and smolt stages was also studied because fhe two forms 

show different adaptive properties while put into a marine environment (Uuda 

und Hirano,1971). Inverse relationship between the neurosecretory activity of 

typeB fibres and the activity of prolactin cells was noted. In the parr there weie 
‘ultrastructural evidences of increased synthesis and release of the secretory pro- 

dudt of profactin cells. In the smolt stage inverse picture is noticed. TypeB 
fibres are filled wiih plenty of LGV and the prolactin cells are less active. The 
finding of very active prolactin cells in the parr and much less active cells in the 
olt indicates that the parr is not adapted to life in sea water but the smolt is 
already prepared for subsequent marine life (Utida and Hirano,1971). Bali(196°) 
showed that prolactin cells become active in freshwateı-adapted curyhaline fishes. 
ano ef al,(1972) also studied the changes in ACTH and MSH secreting 

TH cells have dense granules which are smaller than those of prolactin 


ng cells are elongated and there are plenty of pale granules 
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and dense granules are few. The ER cisternae and Golgi apparatus are poorly 
developed. Increased adivity in both cell types was noted after 6-HODA treat- 
ment. In the rostral lobe typeB fibres showed different degrees of degeneration, 
The observations indicate that an adrenergic system inhibits MSH secretory acti- 
vity, Increased activity of corticotrophs after 6-HODA treatment is associated 
with increased plasma level of cortisol in Gillichthys. This rise may also be due 
to bigh titres of MSH. In mammals ACTH secretion is tonically inhibited by a 
central adrenergic neural system (Van Loon et al.,1971). 


Some dispute still exists regarding the fibres which innervate the teleost ade- 
nolıypophysss. By autoradiographic eledron microscopy Follenius(1970) studied 
the uptake of *H-noradrenaline in the nerve terminals in the stickleback (Gas- 
terosfeus aculeatus). Noradrenaline uptake by ithe nerve endings in the cells of 
the rostral pars distalis including the ACTH cells could not be demonstrated. 
Labeled noradrenaline was present only in the nerves which richly innervated 
the cells of the pars intermedia. Follenius therefore, concluded that the innerva- 
tion of the rostral pars distalis is not adrenergic. Similarly monoaminergiu 
dencrvation had no effect on the ultrastructure of the ACTH cells or plasma 
cortisol level in Tilapia mossambica (Zambrano et al., 1973/74). No ulirastruc- 
tural change was noted in ACTH cells of Gillichthys after dctopic transplantation 
of the adenohypophysis (Nagahama ef al., 1974). 


Lederis(1964) showed that the rainbow trout elaborated isotocin (ichthyotocin) 
and AVT. There were two populations of granules: one of about 140nm and 
the other of sbout 180nm. Rodriguez(1971) said that isotocin may be stored in ' 
the 140nm granules because the 180nm granules are likely to store AVT., 


Vollrath(1972) studied the median eminence of the eel with the help of 
electron microscope. It consists of non-myelinated nerve fibres with different 
types of vesicles and granules. Perikarya with electron-dense granules of 1,200- 
1,800A in diameter are found rarely. Ependymal cells line the infundibular 
recess and projects into the median eminence and glial cells resembling proto- 
plasmic astrocytes are also found. Direct contact between the nerve fibres of 
the median eminence and the intrinsic endocrine celis are usually not found but 
they are separated by a space 3,000-6.000A in width lined by two basement 
membranes. Fibroblasts, collagen, rdticular fibres and blood capillaries are con- 
tained in this space. Processes of glial cells project on to the basement mem- 
brane. Nerve fibres also abut against the basement membrane. The mesoadeno- 
hypophysis contains gonadotrophic and somatotrophic cells. There are three 
types of fibres. 

Group I fibres : comprise electron-dense vesicles of Ca.800A in diameter and 
electron-lucent vesicles of Ca.500A. 

-Group TI fibres; comprise only cléctron-lucertt vesicles of about 500A in 


II fibres : In all the 
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The pro-adenohypophysis contains adrenocorticotrophic, thyrotrophic and pro- 
lactin cells. Two types of fibres could be found. 


Type I fibre: comprises clectron-lucent vesicles of Ca.500A in diameter. 

Type U fibre: contains electron-dense granules of 600-800A in diameler and 
electron-lucent vesicles of Ca.500A in diameter. 

Volirath(1972) studied the changes after experimental manipulations. 

Metopirone (200mg/kg) for 1-3 days resulted in increased production of 
ACTH due to inhibition of adrenal function. The nerve fibres close to such 
ACTH cells contained either increased or decreased number of electron-dense 
granules, Seerwory granules of 1,400A in diameter were not found, 


Hydrocortisone (100mg/kg) administration (after one day) did not show any 
r change in the nerve fibres of the ACTH region. ACTH celis showed increased 
lysosomes, Two to three days after, more dense-core and electron-lucent vesicles 
could be found. Mctopirone or hydrocortisone did not affect the nerve fibres of 
the meso-adenohypophysis. 


Estradiol-benzoate at a single dose of 4mg/kg administration showed some 
changes in the projections exlending into the gonadotrophic region of the prusary 
gland after three days. Moderale increase in ihe number of electron-dense 
granules of 800A in diameter was found. Some nerve fibres contain a large 
number of eleciron-dense granules, 1,200-1,800A in diameter with varied shapes. 


Reserpine (2-4mg/kg for 1-3 days) administration resulted in complete dis- 
. appearance of Gearon-dense granules of ca 800A in diameter from some arcas of 
the median eminence and in others there was only slight decrease. 


Vollrath(1972) concludes that a close correluuion exists between the nerve 
fibres of the median eminence and the intrinsic endocrine cells. Corticotrophin 
4 releasing factor has been siudied by Roy(1964) and Sage and Purrott(1969) m 
the teleost fish. In the teleost fish Ihyrotrophin inhibitory factor has been des- 
cribed by Peler(1970). Vollrath(1972) thinks that electron-lucem vesicles ol 
the size range of synaptic vesicles, dense-core vesicles of 600-800A in diameter 
and also of 1800A in diameter may be a probable source of releasing factors. 


The structure of nucleus preopticus and nucleus iuteralis (uberis of Salmo 
salar and Salmo gairdneri was Studied by Terlou and Ekengren(1979) and their 
relat öship to the hypophysis. was established. 


ag Duboi $(1976) reviewed the immunocytological evidence of LH-RH in hypo- 
th ieee tu | media 1 eminence. Crim e al.(1978) obtained strong evidences 
for the presence o pea ane activity in central nervous tissues of some teleosts 
(1979) used imm ical method to study the comparative 
1, LHRH, neurophysin and a-endorphin in the rainbow 
Raha evidence of a somatostatin (SRIPF)-like 
d digestive tract. In the diencephalon, the peri- 
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ventricular SRIF immunoreactive hypendymocytes are situated dorsal to the 
nucleus preopticus, ir-SRIF perikarya are concentrated in the nucleus preopticus 
periventricularis anterior to the nucleus preopticus. They are scattered in small 
cells in the nucleus lateralis tuberis pars anterior and in a few cells situated in an 
unnamed nucleus in the dorsomedial hypothalamus. In the pituitary, ir-SRIF 
is situated in the neurohypophysial tissue in the proximal pars distalis. SRIF + 
cells have been noted in the endocrine pancreas and the gastric mucosa, LHRH 
has the same distribution pattern in the pituitary as SRIF. Neurophysin immu- 
noreactivity was noted only in the neurophysial tissue of the neurointermediate 
lobe, Few cels reacted with anti-g-endorphin in the nucleus lateralis tuberis in 
the pituitary stalk region. All pars intermedia cells in the neurointermediate lobe 
reacled with anti-g-cndorphin. Follenius and Dubois(1980) described anti-c- 
endorphin +, and anti-Met-encephalin + pathways in the brain and pituitary of 
carp (from Ball and Batten, 1980). 


Hunter and Baker (1979) noted the distribution of opiate activity in the trout 
pituitary gland. Naloxone-reversible, opiate activity was found m the pars dis- 
talis and neuroiniormediate lobe having similar total activity in each and the con- 
centration was approximately equal to that found in the guinea pig neurointer- 
mediate lobe, The relationship between opiate concentration and cellular activity 
in the pars dis‘alis and neurointermediate lobe of the cel pituitary was studied by 
Carter and Baker (1980). 


Morphological cell types of the pituitary of the eel 


These have been recently described by Olivercau and Herlant(1954, 1960), 
Olivereau(1960, 1960/61, 1961, 1963, 1965, 1966), Olivereau and Fontaine( 1966), 
Knowles and Vollrath(1966), Vollrath(1966), Holmes and Ball(1974), Fontaine 
and Olivereau(1975), and in subsequent publications of Oliverenu and Ball. 
The rostral pars distalis (proadenohypophysis) has a follicular structure (fig, 10.8). 
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neurohypophysis. The granules are orangeG, aniline blue, acid alizarine blue 
and lead haematoxylin-positive, They are PAS, AB and AF-negative. The other 
type of cells is situated in the centre of the cell cords. These cells are small, 
angular and the granules are PAS-positive and AB, AF and lead haematoxylin- 
negative, 


Morphological cell types in other groups 


Cell types are similar but they have minor differences 





Salmo salar Fontaine and Olivereau( 1949) 
Olivereau(1954, 1964) 
Gabe(1958) 





S. gairdnerii Gabe( 1958) 
Robertson and Wexler(1962) 
Olivereau( 1964) 
Olivereau ef al.(1964) 
Olivereau and La Roche(1965) 




















S. fario Baker(1963) 

Oncorhynchus keta Olivereau and Rideway(1962) 
Olivercau( 1964) 
Barannikova( 1964) 

O. nerka Robertson and Wexler( 1962) 
Olivereau and Ridgway(1962) 

OÖ, tschawitscha = Robertson and Wexler(1962) 
Olivereau( 1964) 
Olivereau and La Roche(1965) 
Buchmann (1940) 
Bugnon (1960) 





Knowles and Vollrath( 1966) 


minor difference oilit the lead haematoxylin postive cells of the 
istulis have less afinity for erythrosine. The other difference is that 
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the lead haematoxylin negative cells of the pans intermedia may be chromophobie. 
These cells are rich in acid phosphatase in the trout (Legait et al., 1964). 


The adenohypophysis of more advanced teleosts. 


It is ovoid in shape and the three pai's are situated one over the opher and 
the branchings of the neurohypophysis project deep!y into the adenohypophysis 
and these projections are shorter in primitive teleosts. 














Poecilia reticulata Sokol( 1953, 1955, 1961) 
Geske( 1956) 
Vervoonrt (1957) 
Folenius (1959) 
P. formosa, and Olivereau and Ball(1964) 
P. latipinna Ball and Baker (1969) 
Xiphophorus maculatus Orztan( 1961) 
Schreihman( 1964) 
Fundulus heteroclitus Sokol(1961) 
Emmart cr al.(1966) 
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cells are agranular. The other type of cell is small and polygonal. These small 
groups of cells line the projections of neurohypophysis and the granules are PAS 
and lead haematoxylin-positive, 


Roy(1962) studied the pituitary of Labeo rohita, Cirrhina mrigala and Katla 
katla, Acidophilic, basophilic and chromophobic cells are present in the pro- 
adenohypophysis. Eosinophilic cells are plenty in number. The basophilic cells 
are very few. No marked change was noted in this lobe during the sexual cycle. 
The mesoadenohypophysis contains three cell types. Acidophils and basophils 
oufnumber the chromophobic cells which are nongranular. Some of the baso- 
philic celis contain vacuoles and specially in those fishes subjected to stress. 
Seasonal changes are marked in this zone of the pituitary. The basophils also 
contain acidophilic globules. These globular basophils increase in size and 
number and also the globules increase in size during the advent of the season with 
increased sexual adtivity. The acidophils become prominent also. Thyrotrophic and 
gonadotrophic basophils could be differentiated. The cells of the meta- 
adenohypophysis stained pale pink with PAS. There were two varieties of cells : 
granular and agranular. 


Holmes and Ball(1974) discussed the histophysiology of the pars distalis. 


Doerr-Schon (1976) immunohistochemically detected pituitary hormones in 
cold-blooded vertebrates (fish, amphibians and reptiles) by light and electron 
microscopy, The antisera were raised to purified mammalian pitustary hormones. 
Schreibman ei al.(1973) discussed functional morphology of the teleost pituitary 
gland and considered the eta cells as the source of prolactin hormone in teleost. 
Schreibman and Holtzman(1975) reported the histophysiology of the prolactin 
cell in nonmammalian vertebrates. 


LTH cells (fig. 10.5) 


Emmart ef al.(1966) were the first to localize prolactin within the pituitary 
of a cyprinodont fish, Fundulus heteroclitus (Linnacus), by specific fluorescent 
antiovine prolactin globulin. The antiserum was found to be specifically bound 
by the eta cells of the proadenohypophysis (rostral pars distalis). 


Ihe cells secrate fish prolactin or paralactin and are engaged in osmoregula- 
tion in many teleosts (Ball,1969; Ensor and Ball,1972). They are situated in 
the rostral pars distalis and the staining reactions have been already mentioned. 
Holmes and Ball(1974) stated “Fluorescent antibody to ovine LTH locates speci- 


| ficaily on the granules of the lactotrophs in various teleosts (Fundulus, Oncorhyn- 


chus, Cichlasoma, Carassius, Leuciscus, Anguilla, Salmo, Clupea) (Ball and 
—— McKeown and van Overbeeke,1971; Mattheij and Sprangers,1969; 
Emmart, 1969; Aler,1970,1971), confirming that he granules themselves do 
contain LTH". 
Ingo and Sribley(1977) eid cals of origin of esl pinutary mon 
separated by polyac | electrophoresis by immunofluorescent method. 
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The antiserum to eel prolactin stained the eta cells in Anguilla anguilla, Rawdon 
(1979) observed immunostaining of eta cells in the rostral pars distalis and 
PAS+ cells in the pars intermedia of a teleost (Sarotherodon mossambicus) by 
antisera fo mammalian (human, ovine and bovine) prokactins. Eta cells are the 
source of prolactin-like hormone, They have antigenic determinants in common 
with mammalian prolactins. Two of the antisera stained PAS+-cells in the 





Fig. 10.5. Prolacin cells in the rostral pars distalis of the teleost Chasmichthys dolichog- 
nathus Courtesy of Professor Kobayashi and Dr. Tsuncki (1977). 


pars intermedia in addition to cta (prolactin) cells. By absorption of the antisera 
with the appropriate prolactin antigens, staining of both the cell types could be 
climinated. The secretory product of PAS+cells either shares antigenic deter- 
minants with mammalian proluctins or the antibody which stains these cells is 
directed against another peptide present as a contaminent in the antigen. The 
author suggests that further experiments are required to solve this problem. 


Ultrastructural studies were undertaken by Dubourg er al.(1980) on prolactin 
cells of Gambusia collected in fresh water, in hypersaline medium (45g NaCl/liter), 
and acclimated to deionized water. In hypersaline medium, reduced activity 


u ae 


4 


= us 








THE PITUITARY OF TELEOSTS 201 


(synthesis and release) was noted in prolactin cells. In deionized water. prolactin 
cells showed considerable stimulation ( hypertrophy and hyperplasia). The re- 
leasing activity was higher than the synthesizing capacity. No function could be 
attributed to the agranular cells, 


Daily rhythms of tiver cAMP, total liver lipids, protactin-like hormone and 
growth hormone cell activities in Sarorherodon mossambieus acclimated to different 
photoperiod regimes were studied by Carrillo er al.(1980), A significant corres- 
pondance could be observed beiween the prolactin cell cycle and the total liver 
lipid levels cycle, and between the growth hormone cell cycle and the liver cAMP 
level cycle. 


Farmer er al.(1977) found evidences 10 suggest that “Tilapia PRL has features 
common to both mammalian PRLs and GHs as well as to Tilapia GH, lending 
Support to the hypothesis that PRL and GH originated from a common ances- 
tral molecule.” 


Wigham and Ball(1977) concluded that when hypothalamic connections are 
lost (ocular pituitary transplants), prolactin cells of Poecilia latipinna in vivo can 
be activated by reduced environmental salinity. The time-course of this activa- 
tion is same as found in intact fish, 


Wendelaar Bonga(1978) concluded, “icnic calcium concentration. and not 
osmolarity or sodium content, is the main environmental factor in the control of 
prolactin secretion in sticklebacks.”’ 


Wendelaar Bonga(1980) studied the effect of synthetic salmon calcitonin 
and low ambient calcium on plasma calcium, ultimobranchial cells, Stannius 
bodies, and prolactin cells in the teleost Gasterosteus aculeatus. Stannius type | 
cells likely produce a hypocalcemic hormene. Prolactin has a hypercalcemic 
action, 


Fadiors affecting in vitro activity of prolactin cétis in the euryhaline teleost 
Sarotherodon mossambicus (Tilapia mossambica) were evaluated by Wigham, 
Nishioka and Bern(1977), Prolactin cells in the rostral pars distalis are directly 
affected by osmotic pressure because prolactin release from the control tissues 
Was always greater in hyposmotic than in hyperosmotic medium. In hyposmotic 
medium release of proladtin was inhibited by dopamine but the synthesis was 
not affected. There was no effect on prolactin secretion by octopamine in 
hyposmo‘ic medium and by GABA in hyperosmotic medium. Prolactin release 
was inhibited by cortisol in hyposmofic medium and to a lesser extent in the 
hyperosmotic medium. Specific prolactin activity was found to be increased only 
in the hyperosmotic medium. In the same medium no change in prolactin re'ease 
could be observed by estradiol-178 but there was an increase in synthesis of th 
hormone. In hyposmotic medium TRH inhibited prolactin release but synthesis 
was unaffected. In hyperosmotic medium TRH did not affect prolactin secretion. 
TRH at 100pg/mi was also inetfective in hyperosmotic medium. In hyposmotic 
medium prolactin synthesis and release was inhibited by somatostatin. Inhibition 
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of release only was noled in hyperosmotic medium by somatosiatin. These 
experimental cbservations of the authors indicated a complexity in the regulation 
of the prolactin cells. 


Idler er al.(1978) isolated prolactin from salmon pituitary, Prolactin not 
adsorbed on DEAE Bio-Gel A(DEAE,) had a molecular weight of 24,300 by gel 
hitration and 20,500 by SDS gel electrophoresis, Piasma sodium levels in hypo- 
physeutomized Poecilia latipinna were consistently maimained by the protein at 
very low dosage. Anlibodies against this prolactin had specific localization in 
the prolactin cells of rainbow trout pituitary. A protein fraction which was 
more Strongly adsorbed on DEAE Bio-Gel A(DEAE,) also had some prolactin 
activity in the Poecilia assay. The fraction had three proteins wih mosecular 
weights of 23,000, 46,000, and 66,000 after DEAE chromatography. “Higher 
molecular weight proieins are aggregates formed during isolation but the 23,000 
molecular weight pratein may be a modified form of the unadsorbed prolactin," 
The growih hormone f raction(DEAE.) had no prolactin activity. In the Poecilia 
assay DEAE fractions 3 and 5 were also inactive, 


In the sea-horse, Hippocampus parental role of fish LTH has been observed. 
There is a ventral brood-pouch in the male sea-horse for incubating the eggs, 
It is maintained partly by LTH. The lactotrophs of the male fish show an annual 
cycle having correlation with the development and function of the brood-pouch. 
These cells are active during the firs! half of the incubation period (Boisseau, 
1967). Lactotrophs are found to be inactivated by ACTH treatment. Cortico- 
trophs show an annual cycle of activity, They are most active during the brood- 
ing Of the eggs in the pouch. 


Regarding the control of LTH, Holmes and Ball(1974) stated “The stady 
of LTH-dependent characters in Anguilla has suggested that the ectopic gland in 
fact reieases less LTH than normal, and reserpine seemed to induce some inhibi- 
tion of LTH release, There must certainly be differences among teleosts in the 
details of control of the pituitary, and at present it is only possible to say that 
LTH secretion seems to have a large degree of autonomy, but that there may 
be a hypothalamic LTH-inhibiting factor, with hints of an LTH-stimulating 
factor, ihe balance between the two being probably different in different species 
(Ball ef al., 1972)". 


In Xiphophorus hypothalamic PIF controls prolactin release (pituitary culture) 
(Sage, 1966, 1968). Ball er al. (1972) found the prolactin cells to be under 
inhibitory contro] (autatransplantation studies). Hall and Chadwick (1979) 
reported the control of prolactin and growth hormone secretion in the eel Anguilla 
anguilla, The hypothalamus has prolactin stimulating activity in vitro, 
Horseman and Meier(1979) studied circadian-dependent prolactin effects : 
hepatic RNA metabolism and prostaglandin mediation, The authors conclude 
that the lae prolactin influence is probably mediated by prostaglandin whereas 
the early prolactin influence depends upon other mechanisms. | 
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Olcese et al, (1979) concluded, “the enzyme MAO may be a significant 
component of the monoaminergic system of the goldfish, serving to modulate 
the serotonergic inpu's to centres involved in the control of pituitary prolactin 
secretion”. Olcese and de Vlaming (1979) noed in vitro estradiol-178 actions 
on hypothalamic MAO activity in the goldfish (Carasstus auratus). Low levels 
of estrogen increased MAO activity and high levels depressed the enzyme activity. 
This biphasic response may be the result of change in endogenous estrogen levels. 


Hypothalamic control of prolactin and growth hormone secretion in different 
vertebrate species has been studied by Hall and Chadwick(1979) using different 
vertebrate pituitaries (mammals, birds, reptiles, amphibians) incubated in vitro 
with various hypothalamic extracts (HE). Rat (Rattus norvegicus}, chicken 
(Gallus domesticus), ‘terrapin (Chrysemys picta), and toad (Xenopus laevis) 
pituitaries were incubated with homologous HE. Prolactin release was inhibited 
by rat HE. In other species HE stimulated prolactin release. HE stimulated 
GH release in all four species. The re'case of the hormones was dose-dependent. 
Incubations of chicken pituitaries were done with chicken HE and rat HE. The 
rat HE inhibited the chicken HE-stimulated release of pro'actin, as measured by 
radioimmunoassay. 


Hypothalamic prolactin re’easing/inhibiting factors and GH releasing/inhibiting 
factors were investigated by using heterologous incubations. HE from the eel 
(Anguilla anguilla), the cod (Gadus gadus) and the flounder, (Pleuronectes flesus) 
and also from other species mentioned above were added to the incubalion medm 
with chicken pituitaries. Autonomous chicken prolactin release was marginally 
inhibited by cod and flounder HE. HE from these species dose-responsively 
inhibited chicken HE-stimulated pro’actin release. Chicken HE-stimulated GH 
release was also inhibited by cod HE. Chicken prolactin release was stimulated 
by HE from the cel, the terrapin and the toad. "Hormone release from terrapin 
and toad pituitaries incubated with heterologous HE was consistent with hypo- 
thalamic control via releasing factors in these species”. 


Parachlorophenylalanine(pCPA) is an inhibitor of tryptophan hydroxylase 
depleting brain serotonin in higher vertebrates. Olivereau(1978) noted that plasma 
electrolyte values were not modified after 4 or 6 injeations (200mg/kg/day) or 
10 injections(100 and 140 mg/kg/day) in the ecl. After six and ten injections 
n (PRL) cells appeared less adive and their nuclear areas were reduced. 
xytryptophan injections stimulate PRL cells. A serotoninergic system 

part in the regulation of PRL cell activity. “Brain serotonin depletion 
pases grenule release in PRL cells, a result comparable to the lower- 













978) found prolactin synthesis and release to increase with pimo- 
nic inhibitory control on PRL secretion mediated through dopa- 
eel, Other factors may also be involved in this regu- 


— of salinity. 
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Olivereau(1977) found that the kidney plays a minor role in osmotic adjust- 
ment in seawater(SW) when PRL secretion is reduced (intact cels) or suppressed 
(hypophysectomized) ; PRL treatment reverses effects of SW adaptation. The 
high blood sodium level may be due to inhibition of gill sodium extrusion, Renal 
participation also occurs in eel through reduced water permeability as in 
Platichthys, 


Olivereau and Olivereau(1978) observed the effect of ovine prolactin (PRL) 
treatment in intact eels in sea water (SW). Hypercalcemia occurred with simul- 
taneous modifications in the Corpuscles of Stannius(CSt). The corpuscles had 
two categories of cells. Type 1 is the predominant cell type, oval in shape having 
large granules. Hypertrophy of the nucleus and nucleolus and mitotic activity 
could be noted. PRL greatly stimulates this cell type. “It may elaborate a 
hypocalcemic factor (hypocalcin) which would compensate for the PRL-induced 
hypercalcemia. A similar effect, although slightly less intense, is detected in 
hypophysectomized-PRL trealed cells in SW”. The type 2 cell is more elongated 
and smaller in size. The nucleus is oval and the cell contains fine granules. 
“Scarcely less active in SW, it is significantly stimulated by PRL despite an 
increased blood sodium and podium and potassium level. This experiment does 
nci help to clarify its function,” 


Nicoll(1974) discussed the physiological actions of prolactin in different 
vertebrates and expressed them in different tables. The actions of proluctin re- 
lated to reproduction in teleosts are skin mucous secretion (e.g, discus milk), 
reduciion of toxic effec’s of estrogen, growth and secretion of seminal vesicles, 
parental behaviour (nest building, fin fanning, buccal incubation of eggs), main- 
tenance of brood pouch in male seahorse, and gonadotropric in nature. Actions 
of prolactin on specific target cells or Itissues in teleosts are proliferation of mela- 
nocy!6s, growth of seminal vesicles, and renal glomerular growth, tubule stimula 

tion and proliferation, Actions involving water and electrolyte balance are survi- 
val of hypophysectomized euryhaline freshwater species, restoration of water 
tumover in hypophysectomized Fundulus kansae, restoration of ‚plasma Nat and 
Ca** in hypophysectomized cels when given with cortisol, skin, buccal, and gill 
mucous secretion, reduced gill Nat efflux (reduced permeability), reduced gill 
permeability to water, inhibition of gill Na*-K*ATPase, renotrophic (increased 
glomerular size), increased urinary elimination and decreased salt excretion, stimu- 
tion of ronal Na*-K*ATPase, decreased wajer absorption and increased 
Na* absorption in flounder bladder, and decreased salt and water absorption from 
cel gut. Nicoll(1974) enumerated the actions of prolactin involving synergism 
with steroid hormones or on organs also influenced by steroids, In teleosts they 
are: Na* retention by gills (corticosteroids), Na* retention by kidney (cortioos- 
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ACTH cells 


These cells are situated in the rostral pars distalis between the LHT cells and 
the neurohypophysis. They are very near the projections of the neurohypophysis, 
Because of their very faint staining, they look like chromophobes, In the eel 
Olivereau described corticotrophs having coarse and dense granulations they stain 
heavily with lead haematoxylin and Alizarine blue but more faintly with erythrosin. 
Olivereau(1970) noted the normal ACTH cells in the carp (Cyprinus carpio) but 
the corticotrophs were atrophic and chromophobic after eight months of fasting. 
The interrenals became relatively inactive. 


Malo-Miche’e(1979) studied ‘the cytological reactions of the pituitary- 
adrenocortical axis in Boops salpa L (marine teleost) after diminution of salinity, 
injection of metopirone, reserpine, and neurogenic stress (noise). Similar rés- 
ponses were frequently obtained in the corticotrophic cells of the pars intermedia. 
The problem of the control and function of pars distalis ACTH and pass inter- 
media ACTH was also discussed. 


Roy(1969) studied the brain mechanisms responsible for ACTH release in the 
fish (Ophiocephalus pungtatus). Changes in the ACTH cells have been noted in di- 
fferent experimental conditions. These cells occur in the rostral pars distalis, They 
cannot be stained with PAS and aldehyde fuchsin but they contain fine erythrosino- 
philic granules and thus they sometimes escape atlention and are taken to be of 
chromophobic series, The cells, sometimes oval or columnar in type, are abulted 
against the neurohypophysis. These epsilon cells of Olivereau(1964) manifes: 
either normal or stimulated picture. The atrophic picture was found in near-total 
forebrain lesion. During stimulation experiment of the brain or stress which 
were manifested with riss in plasma 17-OHCS content, the layer of epsion cells 
increased in thickness with nuclear and nudeolar prominence The nuclear mem- 
brane was thick. Degranulation response and vacuolation of the cells were noted, 
At times only the nucleus remained and the cytoplasm was completely replaced 
by vacuole. Mitotic figures were scanty. In near-total forebrain ablation, these 
ACTH cells showed atrophic or involutionary pikture. The thickness of ‘he 
epsilon cells diminished without any prominence of the nuckus and nucleolus. The 
nuclear membrane was also thin. The standard of eryihrosinophilic granules was in 
BEE orat became 
-and homogeneous. No mitotic figures were noted, Olivereau(1964) and 
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an oi ne 1960) id. de srg sect oi interrenals in Anguilla 
eau) and other different treatments prove that ACTH is discharged from 
eli type. McKeown and van Overbeeke(1971) showed that fluorescent 
po sine ACTH and synthetic 1-24 ACTH locate specifically 
as nhynch us nerka. 
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Pituitary stalk section and experiments with autografting of the pituitary (Roy, 1964) 

The pituitary stalk region of O. punctatus was exposed and the stalk was 
divided by a fine needle. After severance of ithe stalk the pituitary was left in 
place and the wound was closed, In another set of experiment the pituitary 
was grafled into the anterior chamber of the eye after hypophysectomy (auto- 
genous graft). After pitu®ary stalk section the vascular and nervous connexions 
with the hypothalumus was disrupted and there was atrophy of the neural lobe 
component, The anterior lobe was subsequently well vascularized. The gonads 
in male and female fishes did not show any deviation from normal in whichever 
part of the year this operation was performed. In fishes with successful grafting 
of the pituitary in the anterior chamber of the eye, atrophy of the gonads was 
seen. During the period of observation (upto six weeks) no marked atrophy of 
the anterior interrenal cells was noted. Thus it seems that the connexion with 
hypothalamus is important for the integration of the püuilary-gonad-axis and 
some chemical substance is definitely required for the purpose—it may be from 
the tuberal nuclei. The autografted anterior pitu@ary can maintain the anterior 
interrenal cells, 


Ectopic pars distalis of the cel has greater autonomous corticotrophic activity 
than that of the Poecilia(Olivereau, 1971). 


Olivereau(1976) in a personal communication states that regarding the source 
of ACTH, in teleost fishes it is neither in acidophilic nor in basophil cells—an 
obsolete terminology. ACTH is secreted by peptidic cells, but they do not stain 
with blue or red dyes; they can be demonstrated with the alizarin blue which 


of activity of the same cels when dopaminergic control is stimulated, 

Olivereau and Dimovska( 1969) identified the cell types in the autotransplanted 
pituitary gland under the dorsal skin of the cel The prolactin secreting cells 
almost complete degranulation in 14 out of 15 animals, The corticotrophic cells 
could be detected along the ramifications of the nervous tissue and these ı 
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recess with ependymal layer could be well visualized and no ncurosecrd'ory mate- 
rial was found. The graft was well vasculurized. 


In the eel only the gonadotrophic cells and one cell type (PAS-positive) of 
the pars intermedia are completely hypothalimic dependent for thdir function, 
Some autonomous activity could be seen in the other cell types when the pituitary 
loses is connexion wiih the hypothalamus. The autonomy in the cel seems to 
he more for the somatotrophic and profactin cells and perhaps also for the cortico- 
trophic cells than in Poecilia, In Poecilia the thyrotrophic function is boticr 
preserved than in the ccl. Pars mtermedia of the eel secretes some intermedin. 


Olivercau( 1971) studied the histological structure of some endocrine glands 
in the eel after autotransplantation of the pituitary gland. The number of thyro- 
trophic cells is always reduced in the transplant and it seems that a basal secretion 
of this hormone would be sufficient to maintain some thyroidal activity. The 
thyrotrophic function would appear more independent of a hypothalamic contro! 
than in mammals. However, the concept of a TIF (inhibiting factor) does not 
seem to apply to the eel. The interrenals are similar to those in control eels 
though there is a redudtion in the number of corticotrophic cells in the graft. In 
the cel, the hypophysio-interrenal axis does nat scem to be strictly dependent os 
a hypothakamic control. There is regression of the gonadotrophic cells in the 
graft and the organs of Syrski (male gonads) remain poorly differentiated. This 
indicates the necessity of a hypothalamic stimulation for the maintenance of the 
gonadotrophic function, 


“In grafted cels, the histological picture of the kidney is intermediary between 
that of intadt and hypophysectomized anima’s. As ovine prolactin partly pre- 
vents the renal atrophy induced after hypophysectomy, and as prolactin cells appear 
very active in all the transplants despite their reduced number, some prolactin 
secretion probably occurs”. 


Olivereau(1971) stated, “the disconnected pituitary of the cel keeps a func- 
tional autonomy much more important than in higher vertebrates, the gonadotro- 
phic fundlion being excluded, in agreement with the cytological study of Ihe 
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Ultrastructure of the ectopic hypophysis was studied in Salmo gairdneri 
(Leatherland and Lin,1976), and Gillichihys mirabilis (Nagahama ef al.,1974, 
1975). Ultrastructure of the rostral pars distalis of Aphanius dispar (Ruppel) 
from hypersaline marshes and freshwater was described by Abraham et al.(1977) 
and Baten et al.(1975) described the ultrastructure of the adenohypophysis in the 
te'eost Poecilia latipinna, Batten and Ball(1977) described the uKrastructure of 
the neurohypophysis of the teleost Poecilia latipinna in relation to neural control 
of the adenohypophysial cells. Circadian changes in pro‘actin cell activity in the 
pituitary of the teleost Poecilia latipinna in fresh-water were described by Batten 
et al.(1976). Follenius(1977) noted inhibition of corticotrophic function in the carp 
(Cypriuus carpio L) after administration of GABA. Ingleton es al.(1977) observed 
catecholaminergic innervation of the prolactin cells in the teleost Poecilia latipinna. 
Aminergic hypothalamo-hypophysial innervatian in Gambusia sp, was found by 
Kah er al.(1978). Changes in the prolactin-secreting cells in the cel were observed 
by Olivereau(1978) after pimozide and parachlorphenylkulanine (a brain serotomin 
depletor). Slijkhuis(1978) studied fanning behaviour and prolactin cell activity 
in the male threespined stickleback, Gasterosteus aculeatus. Changes in external 
sodium, calcium and magnesium affect prolactin cells, skin and plasma electrolytes 
of Gasterosteus aculeatus (Wendelaar Bonga, 1978). 


In vivo evidences are there for calechol-aminergic inhibition of prolactin 
stcretion in the teleost Poecilia latipinna (Wigham and Ball,1976). In 1977 
Wigham and Ball found effect of environmental salinity changes on the secretory 
activity of prolactin cells in ocular transplants in the same species. Rostral 
pars distalis cells of Gambusia were studied ultrastructurally in the in situ pituitary 
and after a longterm aulotransplantation (5-12 months) by Kah er al.(1979). 
In situ, prolactin cells of fish in fresh-water are moderately active. Aktivity as 
regards synihesis and release could be found in ‘these cells. Prolactin cells in 
the long-term grafted pituitary appeared slightly less active. Mitosis, exocytoses, 
and reinnervation in ‘the grafts could be seen. Fibres made synaptic contact with 
prolactin cells. Thi€ type of innervation existed in the in situ gland (typeB). 
The corticofrophs in the grafs were slightly less granulated than those in the 
in situ pituitary. Hypothalamo-hypophysia! correlations were also discussed wi'h 
special reference to those noted in other teleost species, 


Central nervous struglures which control 
ACTH release 


In Ophiocephalus punctatus Roy(1969) studied the effect of brain lesions on 
ACTH secretion, Lesions on different parts of the forebrain had no permanent 
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stimulation either increased or did not affect plasma corticosteroids. Ablation of 
the forebrain including parts of the diencephalon caudal to the optic chiasma 
Significanily reduced corticosteroid levels. Neurons stimulating ACTH secretion 
lake their origin, in the anterior hypd'halamus in Ophiocephalus. Redpate( 1974) 
observed increased plasma cortiso! level after electrical stimulation of the hypo- 
thalamus in the carp (Cyprinus carpio). Roy(1964) observed increased plasma 
corticosteroid after forced swimming, surgery, ACTH, piiressin, protopiluitrin 
and histamine injections in O. punciatus. Diencephalic neurosecretory extracts of 
O. punctatus and L. rohita had CRF action. Pickford et al.(1971) studid the 
stress response in Ihe abundance of circu‘ating leucocytes in the killifish, Fundulus 
heieroclitis with particular reference to the cold-shock sequence and the effects of 
hypophyseciomy. When the intact male fish adapted to 20°C in the sea water, 
were immersed for three minukes at ca. 1°C, there is ‘transitory coma from which 
recovery takes place on retum to warm temperature. An alternating sequence of 
Icucopaenia and leucocytosis took place with no corresponding changes in the 
abundance of ery'hrocytes, in serum chloride or total osmolarity, The typical 
sequence was leucopaenia at three minutes, leucocytosis at 15 minutes, leucopaenia 
at 30-60 minutes and leucocytosis at 2 hours. This sequence was followed by 
gradual return to normal. The major leucocytic cell resembled a lymphocyte. 
Hypophysectomy abolished or minimized the second leucocytic phase. No change 
could be found in |the earlier phases of the cycle. In the second leucocytic phase 
serum glucose increased significantly. The authors in the same year studied the 
role of catecholamines in the stress response and ‘they could not interpret their 
results in terms of classical mammalian alpha and beta-adrenergic mechanisms. 
In the same year they studied the role of adrenal cortex and put forward a con- 
cluding discussion on the leucocyte-siress syndrome. Effect of intraperitoncal 
injections of ACTH at 2hours in Fundulus heteroclitus depends on the dose. At 
low doses leucopaenia has been observed and at high doses there is leucocytosis. 


The two hour response to cortisol, at 5 ug/g depends on the condition of the 


fish: leucocytosis in sexually mature or hypophysectomized fish, leucopenia in 


sexually regressed intact fish. Alt a physiological dose(0.025p2/g) cortisol elicits 
a time sequence response in hypophysectomized recipients, that is, inkially, the 


reverse of that observed after co’d-shock: three-minute-leucocytosis, 15-minute- 
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leucopenia, and return to normal at 45minutes. Leucocytosis emerges at two 


„hours, Pretraatment with Metopirone for five to six days in the aquarium is not 


ell tolerated, Such treatment effectively blocks all phases of the cold-shock 
response, Pretreatment for two days was tolerated and in such fish, injection of epi- 
ephrine (1yıg/g) elicits both three-minute and 30-60-minute-leucopenia, but the 
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n of the cold-shock sequence is proposed on the 


atecholamines (presumably epinephrine) are leucopenic and 
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STH cells 


The STH cells are situated in the proximal pars distalis. In P. latipinna these 
cells are situated in the centro-dorsal part of (he proximal pars distalis. In this 
part they are mixed with TSH cells which are very few (Ball and Baker,1969). 
The granules in these acidophils are AB, AF and PAS-negative but in some species 
they are faintly PAS-positive. Fluorescent antibody to mammalian STH was 
found to locate specifically in the STH cells of O. nerka (McKeown and Van 
Overbecke,1971). Growth hormone is thyrotrophic in Fundulus heterocläus 
(Grau and Stetson, 1979). 


Dubois et al.(1974) noted the presence of somatostatin-like activity in the 
brain, pars distalis, and pars nervosa of the rainbow trout by immunocytochemical 
method. Vale er al.(1976) noted mammalian somatostatin-Tikggactivity in extracts 
of the brains of hagfish, clasmobranch and catfish by radioimmunoassays. Crim 
el al.(1978) studied the comparative endocrinology of piscine hypothalamic hypo- 
physiotrophic peptides—their distribution and activity. Somatostatin-like activity 
was observed in the extracts of the brain of spiny dogfish and catfish. 


Fryer et al.(1979) found evidences to suggest that growth hormone (GH) 
secretion in a teleost, tilapia (Sarotherodon mossambicus) was influenced by a 
somatostatin-like peptide which acts to suppress the release of GH from the pitui- 
tary. Komourdjian and Idler(1979) bioassayed highly purified chum salmon 
pituitary fraction to note their ability to stimulate elongation in hypophysectomized 
rainbow trout, Salmo gairdneri. The sodium—retaining principle (prolactin) was in- r 
active. The most potdnt one of the active fractions showed a dose response, Specific 
labelling of somatotrophic cells in pituitary sections by an indirect immunocyto- 
fluorescence could be achieved by an antiserum against this fraction. An antiserum 
against the sodium-retaining principle led to the specific fluorescence of the folli- 
cular prolactin cells, No discrimination between acidophil type in pituifary sec- 
tions from frogs and rats could be done by using any of the two antisera. 


Fryer(1979) described the development of a competitive-binding radioreceptor 
assay for teleost’ growth hormone (GH) using the binding of I-labeled tilapia 
GH to particulate membrane fractions prepared from tilapia liver. 

Kayes(1979) obtained data to indicate that growth hormone has a controlling 
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influence over nucleic acid metabolism in the bullhead. The response after hypo- 
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is considerably increased. These changes regress partly when the eels are sacri- 
ficed 40 days after the end of the treatment. Even at this period the values do 
not normalize. A few unusual oocytes have been found in the organs of Syrski, 
Pituitary prolactin (PRL) and growth hormone (STH)-secrefing cells are stimu- 
lated. Enlarged gonadotrophs are differentiated having plenty of coarse glycopro- 
tein granules. TSH cells appear to be stimulated after a long-term treatment. 
MSH cells are less active and PAS + cells of the pars intermedia are degranulated, 
These responses disappear or reduce greatly after 40 days without treatment. 
Gonadotrophs are significantly smaller and less granulated. Estradiol (E2) acts 
on GTH cells and stimulates synthesis of hormones by a positive feedback. 


Benjamin(1978) noted cytological changes in prolagin, ACTH and growth 
hormone cells of the pituitary gland of Pungiius pungitius L. in response to 
increased environmental salinities. Intercellular cystic formations were found 
among the prolactin cells which obliterated the rostral pars distalis at 21 days. 
The prolactin cells diminished in number. All these events indicated decreased 
secretory activity of the prolactin cells. Nuclear diameters in prolactin, ACTH, 
and growth hormone cells were found to be decreased. Degranulation response 
was observed in the growth hormone cells of the animals from the 21-day sea 
waler group. 


There are similarities between growth hormone and prolactin regarding amino 
acid composition, immunochemistry, and activity in the rat tibia assay. Telcosts 


can readily distinguish between Tilapia growth hormone and Tilapia prolactin 
(Clarke, Farmer, and Hartwell, 1977). 


Hall and Chadwick (1978) studied the control of prolactin and growth hormone 
secretion in the eel Anguilla anguilla. When fresh water eels were placed in 
seawater, prolactin and growth hormone came to a low level initially but after 
eight weeks they returned to the original values. Difference in the release of 
prolactin in vitro from the whole glands could not be observed compared to the 
release of the hormone from the pituitary fragments consisting of rostral pars 
distalis only. Prolactin and growth hormone release in vitro was directly pro- 
portional to the amount of hypothalamic extract added. There was decrease in 
hypothalamic prolactin and growth hormone stimulating activity during adaptation 
tọ seawater, Pituitaries of seawater-adapted eels could respond to hypothalamic 
€xiract from freshwater eels. 


GTH (Gonadorrophic ceils) (fig. 10.6) 


These cells are situated in the ventral parts of the proximal) pars distalis and 
Olivereau(1972) found them to spread into the rostral pars distalis during sexual 
maturity in various teleosts c.g. the eel, salmon and trout. The fish has a single 
gonadotrophin with FSH and LH-like properties (Burzawa-Gerard and 
Fontaine,1972 ; Sundararaj ef al.,1972; Chester Jones et al..1973). FSH and LH 
cells could be separately found by Knowles and Vollrath(1966) by electron 
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microscopy. These differentiations of gonadotrophs even to more different celular 
types may be the different stages Of cellukır activity in a single cell type 


Ihe gonadotrophs are situated in the proximal pars distalis. The rostral 
zone may be invaded by these cel’s or an irregular layer may be formed by them 
around the neuro-intermediate lobe. The glycoprotein eranules in these cells ure 
AF+, PAS+, and AB+ The cells also contain a few globules (I to 2 Ani AN 
diameter) (Stahl, 1963 ; Sage and Bern,1971 ; Rao,1969,1972; Rai, 1972; Schreibman 
et al, t973: Tsuneki and Ichikawa,1973) 





Fig. 10.6. Granulated cells in the proximal pars distalıs of the teleost, Chasmichthys doli- 
chognathus These cells are basophilic at LM level. They may be gonadotrophic : 
however, the possibility that they are thyrotrophic cannot be excluded. Courtesy 
of Professor Kobayashi and Dr. Tsuneki (1977) | 


The gonadotrophic cells may be either of one type (Follenius and Porte, 1960: 
Olivereau and Ball,1964 ; Schreibman, 1964 ; Mat*hes,1970; Rao,1972; Schreibman 
ey al.,1973: Schreibman and Margolis-Kazan, 1979) or of two types. Some species 
may contain two types of PAS+ and AF+ glycoprotein cells which are not thyro- 
trophic. During reproductive cycle they behave differently, In the cet they have 
characteristic staining reactions with Herlant’s tetrachrome (Olivereay and 
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Herlant, 1960) or lead haematoxylin (Olivereau, 1967). ‘The plurality of the 
cells has also been identified by electron microscopy (Knowles and Vollrath, 1966). 
The similar plurality of gonadatrophic cel!s has also been found in the goldfish 
(Olivereau,1962), Lepomis. (Simon.1971), the perch (Dimovska, 1970, 1972), 
Boops salpa (Michele, 1973), Salmonidae (Mckeown and Leatherland,1973), 
Atlantic salmon (Olivereau,1976), Gasterosteus aculeatus (Slijkhuis,1978), and the 
loach, Misgurnus anguilficaudatus (Ueda and Takahashi, 1980). 


One type of gonadotrophin has been isolated from ‘carp, salmon or sturgeon 
pituitaries (Fontaine and Gerard, 1963 ; Yamazaki and Donaldson, 1968; Burzawa- 
Gerard and Fontaine,1972). A sing’e protein molecule in piscine gonadotrophins 

can simulatie all gonadal functions (Donaldson,1973). Ider er al.,(1975) noted 
the presence of two gonadotrophins in salmon. Farmer and Papkoff(1977) found 
indications for the existence of two gonadotrophins in: the tilapian fishes. Idler and 
Campbell (1980). showed that carbohydrate-rich gonadotrophin stimu'ates vitello- 
genin- synthesis bur the carbohydrate-poor gonaddtrophin does; not, and "support 
-a hypothesis of action by two gonadofrophins in regulation of teleost vitellogencsis”’, 
Burzawa-Gerard and Dufour(1980) studied the specificity of antigenic derermi- 
nants of carp gonadotrophin « and ß subunits. “A fish gonadotrophin B subunit 
(c-GTHß) appears more closely related to mammalian LH@:than to FSHß and 
exhibits an intermediate relatedness with TSH“ (from Ball and Batten, 1980). 


Hyder et al.,(1979) studied the effects of tiapian parually purified. pituitary 
gonadotrophic fractions on the testes of methallibure (gonadotrophic inhibitor)- 
treated Saratherodon spirulus (=Tilapia nigra). They used tilapia pituitary 

_homogenate(TPH), ‘tilapia . pituitary -glycoprotein fraction(T-GTN), , tilapia 
pituitary elyooproftein CM-cellu'ose fraction 1(T-CM-1) or fraction, 2(T-CM-2). 
-TPH and all the fractions had some gonadotrophic activity. ‚The most com- 
prehensive effects. were found. with T-GTN and T-CM-I. T-CM-2 was effective 
at a higher dose. Most of the gonadotrophic activity was concentrated in the 
"T-CM-I fraction. The same purification’ method in higher vertebrates concen- 
trates FSH and LH in the CM-I and CM-2 fractions respectively: T-CM-2 fraction 
containing LH did not predominantly stimihte interstitial tissue activity in this 
“study. FSH is contained in ‘T-CM-1 fraction though "Burzawa-Gerard and Fon- 
taine(1972), considered the existence of FSH-like pisgine gonadotrophin to be 
“highly, dubious. Ne, and Idlec(1979) noted two types of gonadotrophins from 
—— Kmerioan plaice and winter flounder pituitaries, They also noted two ‚types 
of gonadotrophins from both salmon and carp pituitaries(Con Al hormone is 
-a ‘preparation which is unadsorbed on concanavalin A-Sepharose and this has 
„been purified’ by processes such as gel filtration and ion-exchange chromatography. 
Con A2 hormone is adsorbed on the immobilized: lectin) and purified ——— 


procedure). 
—— 22 and —— and Charipper (1962) observed in 
the meso-adenohypophysis 


We ai ORG calc papas, — ein also start developing. 
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These cells increased in size and number in gravid females. Hypertrophy of the peri- 
pheral meso-adenohypophysial basophils and hyalinization of the c¥oplasm having 
red or orange sthining bodies were encountered in ageing females. In castrated males 
hypertrophy, dégranulation and vacuolation were noted in these cells. A sex- 
linked gene, P, determines the sexualmaturity occurring in the platyfish Xipho- 
phorus macularus(Kallman and Schreibman,1973: Schreibman and Kallman,1977, 
1978; Kallman and Borkoski,1978). The gonadotrophic zone forms the external 
border of the caudal pars distalis(CPD) and its width is formed by several cells. 
Somatotrophs and thyrotrophs are contained in the central part of the CPD, 
Rostral pars distalis contains prolag'in secreting ce'ls and corticotrophs. MSH 
cells and cells with possible unknown product are situated in the pars intermedia. 


Schreibman and Margolis-Kazan(1979) used immunoperoxiadase method for 
identification of gonadotrophin (GtH)-and thyratrophin (TSH)-producing cells in 
the CPD of the pituitary gland of mature platyfish, Xiphophorus maculatus. 
Other workers (McKeown and van Overbeeke, 1971; Billard er al,,1971; Goos 
et al,,1976; Ekengren ef al.,1978) used immunofluorescence technique for localiza- 
tion of GtH-cells in different teleosts. The first report of the use of peroxidase 
method for localization of immunoreactive ghycoprotein hormones in the fish È 
that of Margolis-Kazan er al.(1978). According to Schreibman and Margolis- 
Kazan(1979) the peroxidase method is more desirable than the immunofluorescence 
technique. Antiserum to carp GtH (anti-cGtH) showed highest degree of speci- 
ficity when compared to trout and salmon preparations produced against intact GtH 
moecule. Anti-cGtH-a cross-reacted with thyrotrophs and gonadotrophs whereas, 
anui-cGtH-§ showed immunoreactivity with gonadotrophs and not with thyrotrophs. 
And-human TSH cross-readted only with thyrotrophs. This report is “the first to 
show that the a-subunit of carp GtH is a chain common to both TSH and GtH in 
fish. It is also the first demonstration of antigenic similarity between human and fish 
TSH". Anti-cGtH-§ cross-reacted also with PAS-+cells in the pars intermedia. 


Truscott’ er al.,(1978) observed the effects of gonadotrophin and: ACTH on 
plasmatic steroids of the catfish, Heteropneustes fossilis (Bloch), Plasma cortisol 
and testosterone levels increase in the gravid catfish after gonadotrophin adminis- 
tration. They may play a role in oocyte maturation either singly or synergistically, 

Cook et al.(1980) observed that cortisol may play a physiological role in ovu- 
lation in the goldfish. A new method was developed by Sangalang er al.(1980) 
to defermine fish plasma cortisol by radioimmunoassay. 2 

Stimulation of gonadotrophin secretion occurs’ after castration in male -rain- 
bow trout (Billard er al., 1977). After castration the rise was four times the 
initiat value in May and September. I increased two: ini October ⸗ 
fold in December. ryan 


Sechreibman and Halpern(1980) demonstrated neurophysin and -arginine 
“vasotocin by immunocytochemical methods in the brain and pituitary gland ‘of 
—— Immunologically they are: distinat entities 
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as shown by control absorption procedures. “The two appear to be elaborated 
and stored in similar bocations and follow comparable roules of transport between 
the nucleus preopticus and the pituitary gland.” 


Sex sleroid-concenitrating cells were located in the ventral telencephalon, 
preoptic area, lateral tuberal nucleus, nucleus of the lateral recess of the third 
ventricle, and caudal portion of the posterior periventricular nucleus in the teleost 
Macropodus opercularis (paradise fish : male). Many labelled cells were also 
situated in the caudal pars distalis of the pituitary. Steroid-retaining cells were 
not found in the mesencephalon, rhombencephalon, or anterior spinal cord (Davis 
ef al,,1977), 


Kim ei al.(1978) described ‘the topography of estrogen target cells in the 
forebrain of goldfish, Carassius auratus, Estrogen and androgen target cells were 
noted by Kim e al.(1978) in the brain of fishes, reptiles and birds. 


Olivereau and Olivereau(1979) studied the effect of estradiol-178(E2) on the 
cytology of the liver, gonads and pituitary, and on plasma electrolytes in the female 
freshwater cel. Treated female cels appeared paler and secreted more mucus 
than controls. Blood plasma became strongly opalescent indicating vitellogenin 
synthesis, This synthesis occurred in ‘the hypertrophied liver which 
had increased vacuolization (lipid material) and glycogen depletion, Plasma 
sodium was lowered with increase in calcium levels. The gonosomatic index 
increased. Oocytes were enlarged but the incorporation of vitellogenin remained 
discrete. In control cels the gonadotrophs (GTH cells) are small and 
scarcely visible in ‘the pituitary, After E2 administration, GTH cells are 
hypertrophied and contain numerous glycoprotein granules. By a positive feed- 
back action, E2 may act on the pituitary and/or hypothalamus to induce GTH 
synthesis. GTH release seemed to be very limited as was evidenced by the 
ovarian response. “The differentiation of GTH cells in eels treated with fish 
pituitary extracts is most probably due to secretion of E2 by the ovary, which 
reacts on the pitu®ary, Various hypotheses are considered to explain the low 
GTH release.” Stimulation of thyrotrophs, somatatrophs and prolactin cells of 
the pituitary takes place. Pars intermedia MSH and PAS+ cells appeared less 
active. Antidopamimergic effeat of E2 is possible. E2 administration is a simple 
and economic technique to induce synthesis of GTH. 


Olivereau and Chambolle(1979) studied the ultrastrugture of gonaddtrophs in 
gonadotrophs 





errang secretory granules (200-500nm) are numerous. 








ss eere ke aA gena (1.2-2.2 um) are also observed. Probably the 
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data : (a) the synthesized gonadotrophin is not released. It may be due to ar 
insufheiant secralion of LH-RH in the hypothalamus. (b) The gonad is refrac 
tory to release gonadotrophin or its action is imhibitdd by excess of circulating 
E (c) Two separate gonadotrophins control vitellogenesis and maturation in 
teleosts. Gonadal incorporation of the yolk is not stimulated by the gycoprotein 
preparation and E, treatment. A nonglycoprotein fraction induces this incorpora- 
tion. One type of gonadotroph shows poor reacilons for glycoproteins. This 
type is not observed after E» treatment in the eel. Olivereau and Chambolle(1979) 
further stated that E; exerted a positive feedback on the gonadotrophic activity 
of immature eels without inducing sexual maturation, 


Prasada Rao æ! «al,(1979) noted two divisions of the nuc'eus preopticus (NPO) 
inthe catfish (Clarias batrachus). One vertical neuronal group is situated near 
the preoptic recess and this has been identified as NPO-paraven'ricularis (NPO-P). 
The other division, NPO-supraopticus (NPO-S) is situated horizontally above the 
optic chiasma. Bridge cells are noted in between the two divisions. Cytoarchi- 
tectonically, the NPO-P can be divided into four subdivisions, and the NPO-S 
info three subdivisions. Significant stimulatory changes have been noted only 
in the medial, lateral and postero-dorsal subdivisions of the NPO-P after ovariec- 
tomy (40 days), while no remarkable change occurred in the pars periventricu- 
laris. The gonadotrophs undergo hypertrophy and hyperplasia. Regressive 
changes occurred in the same neuronal groups after estradiol benzoate (EB). 
The gonado:rophs are also regressed. Sismificant changes were not found ‚in the. 
subdivisions ‘of the NPO-S (pars ventralis, pars medialis, and pars lateralis) after 
ovariectomy or administration of EB. 


. Colombo es al.(1979) concluded, “teleosts display a very versatile use of 
gonadal steroids in the integration of reproductive processes. From intragonadal 
targets, steroid contro. has been extended apparently to peripheral sexual organs 
and brain centers and further adapted 10 mediate sexual communications. The 
complexity of the’ regulatory circuits channelled through the gonads of. fish is 
— Ne ee den rapie as mero sb 

tion, should be indeed a good siurt for future research.” | 


Control of gonadotrophin release | (ls 


Goos and Murathanoglu(1977) noted GnRH in the forebrain of ep 
immunocytochemically, Follenius and Dubois (1977,1978) localized. immunocyfo- 
— — peptides in the neurons of nucleus lateralis tuberis and. 
neuroh s of Carassius auraltıs and Cyprinus carpio, secre: 
by synthetic LHRH (Breton and Weil,1973; Kaul and. 
n. et al.,1976 ; Lam & al,,1976; engren et al,,1978). Young 
ied the effects of LHRH on the ultrastructure of the gonads. 
of P. latipinna in vivo- and in vitro. — 
bem Sai a —— 
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Van Oordt and Ekengren(1978) found small perikarya with immunoreactive 
cytoplasm and axon swellings in the area dorsalis partis medialis (ADPM) of the 
telencephalon in So gairdneri. Numerous perikarya proceed diffusely in the lateral 
walls of the diencephalon towards the pituitary stalk. The neurohypophysis also 
contains these fibres. The authors concluded that besides the cells of the nucleus 
lateralis tuberis, neurons in the ADPM are involved in the production of gonado- 
trophin releasing hormone(GRH). Thus the GTH-cells of some teleosıs have a 
double neuro-endocrine control, The other method of control is by direct inner- 


vation of GTH-cells by twodifferent types” of neurons as has been observed in 
some species. 


Peter and Paulencu(1980) observed the preoptic region to be involved in 
gonadotrophin release-inhibition in goldfish, Carassius auratus. In sexually mature 
female and male goldfish various hypothalamic and preoptic regions were lesioned. 
Ovulation and increase in serum gonadotrophin levels occurred after destruction 
of the pituitary stalk, and lateral anterior hypothalamic tract areas. The same 
results were obtained after destruction of the entire preoptic region or a major 
part of the anterior nucleus preopticus periventricularis. Lesions in other locations 
were ineffective. “The results indicate that a gonadotrophin release—inhibitory 
factor (GRIF) probably originates in the anterior preoptic region, and reaches 
the pituitary via pathways in the lateral preoptic and lateral anterior hypothalamic 
regions, and the pituitary stalk. The preovulatory surge of gonadotrophin secre- 
tion may be regulated by release from inhibition exerted by GRIF in goldfish.” 


Batten and Ball(1977) observed that. a single typeB fibre and 5 different 
subtypes of typeA fibres could innervate the pituitary in Poecilia laripinna. Peter 
and his associates (1970-1977) could ascribe the control of thyrotrophin, gonado- 
trophin, and ACTH secretion to the nucleus. lateralis tuberis of the goldfish. 
ACTH secretion is also controlled by the nucleus preopticus. 


Batten, Ingleton and Ball(1979) conducted ultrastructural and formaldehyde- 
In the — 








* in pin en dendrites terminating in the ventricle, The nucleus lateralis 
| ye | et ‘tuber 
Í bi — re 






n smaller than the previous group. 
1e nuckeus — tuberis LT). Typene 





218 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


posterioris (NRP) and nucleus recessus lateralis (NRL) possessed a Single type 
of neuron containing plenty of DCV (80nm). This cell type showed long axonal 
processes which proceeded towards the NLT and ithe ciliated apical processes 
projected into the ventricle. Strong monoamine fluorescence by the Falck-Hillarp 
method could be observed only in the NRP and NRL of all the nuclei examined 
by the authors. Several! fluorescent tracts ran between the NRP and NRL and 
also towards the NLT and the pituitary. The authors concluded that these nuclei 
are the main source of the hypothalamic and pituitary sypeB nerve endings. 
They can be observed as fluorescent ‘varicosities with ‘the Falck-Hillarp method. 
“Evidence for NPO and NLT cell bodies being the origin of the hypophysial 
peptidergic rypeA fibres is discussed, together with indications that these nuclei 
might be involved in control of adenchypophysial activity". In the pituitary of 
Poecilia latipinna Batten er al.(1979) found prominent and plenty of fluorescent 
varicosities among ithe prolactin cells in the rostral pars distalis. Vertical band of 
diffuse fluorescence could be found behind the rostral pars distalis and this 
corresponded to the double basement membrane separating the neurohypophysis 
from the ACTH cells. The authors thought this fluorescant band to correspond 
to the typeB fibre endings which had synapse on the basement membrane. Some 
varicosities were noted in the pars intermedia (PI 2) (lead-haematoxylin +) cell, 
In the proximal pars distalis and the neurohypophysis the varicosities and the 
diffuse fluorescence corresponded to the typeB nerve endings, Increase in the 
induced fluorescence by L-DOPA and Pargyline was noted by tthe authors in the 
varicosities. Induced fluorescence could be noted by them in PAS+PI I cells of 
the pars intermedia and sometimes in the gonadotrophs of the proximal) pars 
distalis. With 6-OHDA treatment reduction in the intensity of fluorescent varb 
cosities was noted in the prolactin cells, ACTH ce area, and PI 1 cells. NRP 
and NRL had slight reduction of fluorescence. 
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TSH cells 


The thyrotrophs have greater affinity for AF and AB { pH 0.2) than the 
gonadotrophs (Ball and Baker, 1969 : Mattheij,1968 ; Mattheij et al..1971). In the 
rostral zone cells (glycoprotein granulations) are PAS-positive, AF-positive and 
AB-positive, These cells secrete TSH in Anguillidae (Olivereau,1963) and various 
Salmonidae. (Olivereau er al,1964; Baker,1969: Ölivereau,1972). In other 
species they are situated in the proximal) zone. They are dorsal in the cyprino- 
donts (Olivereau and Ball,1964; Schreibman,1964). In Mugil these cells form 
a compact cluster in between the two subdivisions of the pars distalis (Olive- 
reau,1968; Leray,1968). In the carp, an antibody prepared from a TSH-rich 
carp pituitary extract shows a positive reaction with a celt type thought to be 
thyrotrophic (Billard er al.,1971). 


Holmes and Ball,(1974) summarized, “despite species variation it is possible 
to generalise and state that the teleost hypothalamus, unlike that of mammals, 
does not seem to stimulate TSH secretion, which is either autonomous or is prima- 
rily influenced by a TIF. It is still possible that a TRF may also be elaborated, 
and that it may be found to predominate in some teleosts.” 


Thyroid activity is greatly reduced in Fundulus heteroclitus after hypophy- 
sectomy (Pickford,1953; Pickford and Atz,1957; Gorbman.1969). Pituitary 
transplants secrete thyroid stimulating hormone (Ball er al., 1963; Ball er al.,1972: 
Peter,1973). Injury to the nucleus lateralis tuberis (pars anterior or pars posterior) 
increased thyroid activity and this indicates an inhibitory hypothalamic control 
of TSH secretion in teleosts. By hypophysectomy and pituitary autotransplanta- 
tion in Fundulus heteroclitus Grau and Stetson( 1977) conchuded that for mainte- 
nance of normal T, levels, pituitary stimulation is required and inhibitory hypo- 
thalamic contro} exists for pituitary thyrotrophin release. 


Pars intermedia (figs. 10.7 & 10.8) 


Two cell types are present. They are typel and Typell (Benjamin,|973). 
Olivereau distinguishes them by the glaining reactions: Lead haematoxylm- 
positive cell (Olivereau,1970) and having large (250 to 400mm) granules is one 
type. The other type of cell is PAS-positive with smaller granules (120 to 200nm) 
(Knowles and Vollrath,1966). Lead haematoxylin-positive cells in the eel secrete 
MSH (Olivereau,1971, 1972; Baker,1972; Fremberg and Olivereau,1973). These 
cells are responsible for MSH secretion in the Tench (Romain,1974), MSH secre- 
tion has been located in the lead haematoxylin-positive cells by immunofluores- 
cence in the stickleback (Follenius and Dubois,1974) in the presence of an anti- 
ß-MSH antibody and in the perch (Follenius and Dubois,1976). 


Fontaine and Olivereau(1975) said, “the PAS-positive cells form a distinct 
population whose role is unknown, but in the ee) their intense hyperplasia in 
deionized water (Olivereau,1967) and their decreased activily in sea water (Oli- 


vereau, 1969) suggest an osmoregulatory function”, 
OQ P—_200_27R 
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Salmonidae and Chasmichthys dolichognathus (Tsuneki and Ichikawa,1973) 
have only lead haematoxylin-positive cells. “Since 70 to 90% of the Salmon’s 
MSH activity is present in the neuro-intermediate complex (Fontaine-Bertrand 
ci al.,(1969), it may be supposed that these cells secrete MSH”, 





2 Burn 


Fig. 10.7. Pars intermedia of the teleost.Chasmichthys dolichognathus.. Secretory granules 

probably related to MSH are lucent in this picture. 

Courtesy of Professor Kobayashi and Dr. Tsuneki (1977). 

Malo-Michele(1977) noted PbH + and PAS + cells in the pars intermedia 

of the teleost Boops slapa. Both cell types are stimulated by black background 
adaptation, PAS + cells regressed on a white background. Strong hyperplasia 
and hypertrophy of PAS + cells was noted after black background adaptation 
combined with permanent illumination. Both cell types are activated by perma- 
nent illumination. 


A simple bioassay method for the teleost melanin-concentrating hormone 
(MCH) has been described by Rance and Baker(1979). They used this assay 
and also the Anolis bioassay for MSH. It compares the relative concentrations 
of MSH and MCH in the pituitary of various teleosts and their distribution pattern 
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alter polyacrylamide gel electrophoresis. Neurointermediate lobes from trout were 
cultured and the effects of cold, cycloheximide, EGTA and high potassium ion 
concentration were studied with respect to MSH and MCH secretion, MSH 
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release was inhibited by EGTA and high potassium ion. MSH synthesis appeared 
to be reduced by cold and cycloheximide. Effects on MSH were predictable and 
consistent. MCH response was erratic and unpredictable, In vitro synthesis of 
MSH was found but there was no evidence for MCH synthesis. Trout hypothala- 
mus and pituitary equally contain MCH. Hypothalamic MCH concentration 
vanes with the background colour. The authors conclude that MCH is a hypo- 
thalamic secretion. It is stored and released by the neurohypophysis. 


After injections of parachlorophenylalanine (pCPA) in the eel, Olivereau 
(1978) found the animals to be pale, with a low melanophore index. In the 
pituitary gland, the granules tend to accumulate in the basal part of the MSH 
cells and in the perinuclear area. Cells appeared smaller with a decreased 
nuclear area. The neurosecretory material was found to be reduced in the neuro- 
hypophysis. Injections of 5-hydroxytrytophan on the other hand, induced a 
strong darkening as reported in some amphibian species and in one lacertilian 
species. Olivereau(1978) thought that S-hydroxytrytophan has a stimulatory 
influence on MSH-release and possibly its synthesis in the eel and other lower 
vertebrates. 


Pimozide is a specific blocker of dopaminergic receptors. It was injected in fresh 
water(FW) eels or eels acclimated to sea water(SW). Melanophore index increases 
in FW and in 1 month-SW injected eels. Olivereau( 1978) observed total or sub- 
total degranulation of the lead-haematoxylin + cells in the pars intermedia in all 
the treated fish. These cells are a-MSH-secreting cells. The nuclear area of 
MSH cell is increased, nucleoli are larger, and the endoplasmic reticulum is well 
developed. There is no difference in the intensity of the response in FW and SW 
ecls. Intensity of the response is not increased with higher dose. With immuno- 
fluorescence and immunoenzymologic techniques, rapid release of pituitary «-MSH 
has been observed, No effec} on the second cell type of the pars intermedia 
(PAS+cell) has been noted. The neurosecretory material in the neurohypophysis 
has been found often to be reduced. ‘These results suggest that the hypothalamic 
inh'bitory control of MSH release and synthesis is mediated through dopaminergic 
fibres in the eel, but other factors cannot be ignored in this regulation.” 


Olivereau and Olivereau(1979) studied the effect of serotonin on prolactin 
(PRL) and MSH-secreting cells in the ee! and compared with the effect of 5-hy- 
droxytryptophan. Parachlorophenylalanine appeared to reduce the release of pro- 
lactin(PRL) and me‘anocyte-stimulating hormone(MSH) in the cel. Therefore a 
stimulating serotoninergic control of these adenchypophysial secretions was sus- 
Eels were injected with seratonin(5-HT) and compared with eels 
with the precursor of serotonin, 5-hydroxptryptophan(5-HTP). In 

cases, a darkening of the skin was observed. The response 
e rapid and intense with 5-HTP ‘than with 5-HT. Degranulation of MSH 
ss cates eesti —— An unexplained dilatation of swim- 
er simultaneously occurred in this group but it was not detected after S-HT 
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treatment. PRL cells were found to be stimulated in both cases with increase of 
nuclear aras of PRL and MSH cells. “These results suggest that a serotoninergic 
pathway stimulates PRL and MSH release in the eel. An antagonism between 
the serotoninergic system and the dopaminergic system previously demonstrated 
in the same species seems apparent, but the interaction of other organs or 
factors, such as the pineal, are considered”. Serotonin promotes MSH release 
in a lizard, Anolis carolinensis, which seems to be more sensitive than the eel. 
The skin darkening starts after two minutes and lasts for about fifteen minutes 
at a dose of 3 to 10 ug g(Thomton and Geschwind, 1975). It acts directly on 
the pars intermedia of Anolis. In the eel 5-HTP is more potent (rapid response) 
than 5-HT. Darkening response needs the presence of the pituitary as it does 
not happen in hypophysectomized ecls, It cannat be ascertained whether fish 
brain contains «-MSH-like peptide. Even if it is present as in the rat(hypothala- 
mus, thalamus and other parts of the brain) or in Rana esculenta (diencephalon, 
telencephalon and rhombencephalon), it has practically no role in the control of 
skin melanophores. Brain MSH is not released by a serotoninergic pathway 
because 5-HT and 5-HTP have no darkening cffeot on the MI of hypophysecto- 
mized eels. The melanophore hormones, e- and ß-MSH pass the CSF-blood 
barrier in the killifish, Fundulus hereroclitus with difficulty, if at all (Knight, 
Knight, and Pickford,1978), Brain @-MSH is not able to enter peripheral blood 
vessels and so it is prevented from acting on skin melanophores. In the rat a-MSH 
can pass through the blood brain barrier (Pelletier ef al1975), Olivereau 
et al.(1976) demonstrated the presence of a-MSH in PbH granules of the pars 
intermedia cells (Immunoenzymological technique). The peptide which reacts 
with antisera against ***ACTH and '*°ACTH is also located in the PbH-+ 
granules: The part played by pars intermedia associated—ACTH is not clear at 
present. Corticoliberin stimulates ACTH release from the pars distalis but it has 


Olivereau and Chambolle(1979) studied the ultrastructure of the MSH-secret- 


ing cells in 5-HTP treated eels. Melanodispersion occurs after injection of S-HTP. 
MSH cells are markedly stimulated: hormone synthesis (development of Golgi 
ara and endoplasmic reticulum) and release (reduction of secretory granules). 


Ta” “ale 
a KJ ‚TR 
Nic > lo 
M ep a ee 
se, - . Pr 
Eo silf S yr 
4 
É * 
Tot SR ae a 
; HEG 


observed. This stimulatory serotoninergic pathway seemed to be anta- 


ad 


the dopaminergic system that inhibits MSH secretion in the cel. MSH 





224 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


rous, and have a fibrillar structure. They probably contain glycoprotein as they 
are PAS+. The nucleus is situated in ithe enlarged part of the cell. The poorly 
developed endoplasmic reticulum is situated in the apical region, distal to the 
perivascular space. The Golgi apparatus is small. Agranular cells are also 
presemt. The cytoplasmic processes infiltrate among MSH cells. They have a 
few small mitochondria. Olivereau and Chambolle(1979) stated, “Thus, various 
neurotransmitters appear to be involved in the complex control of MSH secre- 
tion in the eel. Among. them, dopamine and 5-HT seem to play a major, but 
antagonistic role. The interaction of other factors like anti- endorphin-reacting 
peptides (Follenius and Dubois,1978 a and b) cr of other still unidentified factors 
remains possible”, 


Earlier electron microscopic observations in teleasıs 


Knowles and Vollrath(1966) studied changes in the pituitary of the migrating 
European cel during is joumey from rivers to the sea. In the Danish cels, no 
alcian blue-positive material was found in the heurosecretoy tracts leading to 
rostral pars distalis. In the region of the somatotrophic (STH) and gonadotrophic 
cells in the proximal pans distalis, however, some of the tracts contained a little 
material, Ultrastructurally a few typeA granules were noted in the tracts leading 
to the proximal pars distalis. These granuless are smaller (c. 1:000A) than the 
typeA granules noted in river cels (c. 1,400A) 


The. proximal pars distalis contained fibre tracts with many electron-dense 
typeB granules which are smaller (c. 500A) than those noted in similar areas 
(c. 700A) of river eels. In the same area the terminals of typeB fibres contained 
plenty of smaller electron-lucent vesicles (synaptic vesicles ?). 
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ules (©. 2800A) and the ‘TSH granules (c. 1,400A) 


possibly correspond to the alcian blue-positive 
ACTH cells were noted in the rostral 
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(b) “Spaghetti celis: These ‘cells had densely packed tubules containing 
moderately electron-dense material. The tubules were surrounded by membrane- 
bound granules having greater clectron density. These granules ranged from 
C.1,200A to 1,800A in diameter, Secretory material within the tubules was sur- 
rounded by membranes and thus secretory granules were formed. 


(c) Cells having deeply indented nuclei, multiple mitochondria with promi- 
nont cylomembrane systems were also noted. Granu'es in these cells varied from 
1,200A to 1,800A in diameler, Big empty vesicles fillod the greater part of their 
cyloplasm. 


(d) Typical LH celis having electron-dense vesicles c.1,900A in diameter 
were noted, 


Knowles and Vollrath(1966) concluded that important changes occur in the 
pars distalis of the pituitary of migrating European silver eels when they enter the 
sea. A decrease of typeA neurasecretory mal'erial in all nerve tracts which 
penetrated the pans distalis and an increased activity of typo neurosecretion in 
the tracts of the, proximal pars distalis, were found. 


‘There are changes in the gonadotrophie’¢ells of the proximal pars distalis and 
thyrotrophic and prolactin cells in the rostral pars distalis. 





 Teleostei (Some earlier observations) 


EM studies of the teleost adenohypophysis have been done by : 










Investigators — Types of animal 
Follenius and Porte( 1960, 1961) H s Perca fluviatilis, Poecilia reticulata, 
om tyz P. sphaenops, and Xiphophorus helleri 
Weiss( 1965) | * Xiphophorus maculatus, 
| me and other cyprinodonis 
Oztan(1966) —— u... Zoarces viviparus 
nonus and d Vollrath 1966) Anguilla anguilla and Conger conger 
Hippocampus cuda  " 
Part of the Cell type EM observations 
ey PANTY 
_ Proadenohy- Acidophil Secretion granules are sphe- 
| pophyeis rical, membrane-bound, 
en E, yeah all osmiophilic, 120-160nm 
aaa, ay ey tary in diameter. | Bes 
—— tisha — 
Cyprinodomis yy 0 A Granule-diameter is 200 to 
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Types of Part of ihe Cell type 
animals pituitary 
Hippocampus ” +t 
Zoarces * H 
Anguilla J 5 
Conger — 
Perca Proadenohy- Cels lining 
pophysis the neurohy- 
pophysis 
Eels Proadenohy- Basophils 
pophysis 
Eels Ventral zone Basophils 
of the mesoadeno- 
hypophysis 
| here ext Anes. 
Perca & ` ~ Mesoadeno- Basophils 
Cyprinodonts hypophysis 
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EM observations 


90 to 110nm. 


Secretion granules are rod- 
shaped, rounded or forked. 
They are 400 t0'600nm long 
and 120 to 200nm in width. 


Secretion granules are 
280nm in diameter. 


Secretion granules are elon- 
gated & of 350nm in dia- 
meter, 


Few granules having size & 
electron density similar to 
those in othar cells of the 
rostral pars distalis. 


Osmiophilic granules are 
200 to 250nm in diameter, 
They are spherical or sub- 
ovate in Anguilla and some- 
times elongate in Conger. 


Large number of spherical, 
slightly electron-dense, mem- 


brane-bound granules of 110, 


to 140nm in diameter. 


Type 1: More or les 
elongated, electron-dense ver, 


sicles of 190nm in 

Type 11: A few spherical, 
slightly electron-dense vesi- 
des of 130nm in diameter. 
The cells have — 


larger secretory granules, — 


One type only, In Perca no 
pene sees te 


osmiophilic granules were 
rpe irer iade 
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Part of the 
pituitary 


” 


” 


Cell type 


Acidophils 


Acidophils 


ae 


EM observations 


Three types. Peripheral 
typel : -diameter of the sec- 
retory granules ranges from 
60 to 160nm. 

Peripheral type-II: 80-240 
nm. Antero-central baso- 
phils-globular electrondense 
granules of 400nm in dia- 
meter. 


Diameter of eledtron-dense, 
membrane-bound granules 1s 


210-250nm granules 
250 to 300nm granules 


240 to 320nm u 


400om T 


Granules less electron-dense 
and more elongate. 


Eledtron-dense granules in 
cells not noted. 


Membrane-bound electron- 
dense granules of 250 to 
300nm in diameter, Vesicles 
with slightly osmiophilic 
homogencous contents. 
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CHAPTER 11 
THE PITUITARY OF DIPNOI AND COELACANTHIFORMES 


The description of the hypothalamus of Dipnoans is from Kuhlenbeck (1977). 
Anterior to the chiasmatic ridge the hypothalamus of Ceratodus contains a preoptic 
nucleus. The nucleus can be divided into a thicker superior and a thinner inferior 
subdivision. The anterior portion of a nucleus entopeduncularis exists as scattered 
elements within the basal forebrain bundle. In the postoptic hypothalamus the 
periventricular cells are differentiated imto a dorsal and a ventral subdivision. 
Near the tuberculum posterius which is a transitional place between the deuteren- 
cephalic tegmentum and diencephalic longitudinal zones (thalamus ventralis and 
hypothalamus), there are two recesses. Recessus mammillaris has been designated 
to the ventral one (Holmgren and van der Horst,1925). A saccus vasculosus 
below it has been mentioned by the same authors. Kuhlenbeck(1977) thinks its 
presence to be doubtful. The posterior inferior hypothalamus is less devel oped 
and corresponds to the Osteichthyan lobi inferiores S. lateralis. 


The hypothalamus of Pratopterus can be subdivided into a rostral preoptic 
and a caudal postoptic portion. The neuronal elements are periventricularly 
arranged but a convincing delimfation of the nuclei is not possible (Kuhlenbeck, 
1977). The lobi lateralis (sive inferiores) are moderately developed. 


"Wingstrand (1966) described the pituitary of the kungfish. It is very simular 
to that of the urodeles. No pars tuberalis can be seen. A hypophysial cleft 
forms as a schizocoel in the compact anlage of the adenohypophysis. Practically 





no sella urcica is evident in Protopterus which has a flat gland and the pars dis- 
tolis is located pogerior to the neurohypophysis similar to urodeles. Neocera- 
todus has a deep selln turcica and the pituitary exfends ventrally from the brain. 
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pars distalis may be found on the pars intermedia side of the cavity. In adult 
Protopterus aethiopicus the hypophysial cleft is partially occluded at places and 
a mixture of cell types is found belonging to the pars distas and intermedia. 
These authors could discover in the larvae of 18 to 26cm of Protopterus aethiopicus 
very short paired protrusions of the anterior tip of the distal lobe which might 
be homologous with the lateral lobes of ‘the amphibian pituitary from which the 
pars tuberalis develops but the cells in the protrusions were similar to those of the 
nearby pars distalis. With the increase in size of the pituitary these rostral pro- 
(rusions could not be distinguished. 


Kerr and van Oordt(1966) noed three types of basophils and two types of 
acklophils in the distat lobe of Protopterus aevhiopicus. The following descrip- a 
tion is after van Oordt(1968). Basophils rypel: "These cells are round and the 
coarse granules are aniline blue, PAS, AB, and AF positive. The cell boundary 
is distinct. In young larvae these cells are centrally situated. In adults they 
Spread more rostrally and ventrocaudally. 


Basophils type2: These cells are found only in adukt animals, The fine 
granules have staining affinities similar to basophils typel but they are AF posi- 
tive only on pretreatment with acid permanganate. They are elongated cells and 
the cell boundary is ill defined. The capillaries are bordered by these cells and 
they are situated throughout the distal lobe except the rostral tip. No orangeo- 
philic inclusions could be found. 


Basophils type 3: They are found in the farvae very shortly after the 
appearance of basophils type 1. These are small rounded cells with fine granules 
stainable with PAS and with AF following a Lugol treatment. They are 
AB-negative. The cells are light violet after Herlant’s tetrachrome method or 
Cleveland and Wolfe's method and are concentrated in the rostral part of the 
lobe where chromophobic cells are also evident. 


Acidophils type I: These are oval or elongated cells and irregularly distri- 
buted. The fine granules are erythrosine, orange G, and Luxol fast blue-positive, 
These are develöped carly in young larvae. 

Acidophils type 2: They have less pronounced affinity for erythrosine and 
a faint affinity for PAS and are located in the caudal part of the lobe. In adults 
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less granulated and they are weakly aniline blue, PAS, AB and AF-positive, 
Some cells are strongly PAS-positive and Luxol fast blue and orange G-positive. 


“The neurohypophysis of Proropterus is developed at the posterior end of 
the horizontal post-optic hypothalamus, which bends dorsally and ends with 
a pair of hollow, primary branches as in amphibians” (Wingstrand, 1968). 
Accumulation of nsm in the neural lobe is noted and it develops in the 
wall between the primary branches and from the medial wall of the fatter. 
Interdigitations between the neural lobe tubules and the intermedia tubules are 
obtained. Capillaries in thin connective tissue membranes are situated in between 
the neural lobules and the intermedia tubules. *The wal of these tubules consists 
of an ependymal! layer, a fibre layer, and a palisade layer”. The median eminence 
is situated along the anterior — of the pars distalis. The wall. is thin but a 
typical superficial palisade zone is present having furrows for the lodgment of 
dense capillary net which communicates with vessels of the pars distalis. 


van Oordt(1968) attached different functions to different cell types. Baso- 
phils type 1 and type 2 are the sources of TSH and FSH respectively. Eosino- 
phils might secrete STH. 


Zambrano and Iturriza(1973) found nerve fibres among ‘the endocrine cells 
of the pars distalis of Lepidosiren. These fibres came from small aminergic 
neurons situated in the median eminence area and also from other hypothalamic 
regions, There are type B large granulated vesicles (LGV) in these fibres. 
These type B fibres end in the pars distalis, pars intermedia and neural lobe close 
to the pars intermedia. The preoptic nucleus is anterodorsal to the optic chiasma. 
The perikarya below the ependyma of the median eminence have LGV of 
90-100nm in diameter having resemblance to the nucleus Kıeralis tuberis of 
teleos's and infundibular and arcuate nucleus of tetrapods. Lysosomes and. 
secretory granules of 140-190nm in diameter have been noted by the authors in 
the cells of the preoptic nucleus. Short dendrites from these cells project into 
the CSF between the ependymal cells. The preopticoneurohypophysial tract arises 
from these neurons. ‘Two tracts proceed posferoventrally and at the median emi- 
nence each tract divides into a dorsal and a ventral part. The axons of the ventral 
part end around the primary capillary vessels of the median eminence. The blood 
vessels are branches of hypothalamic arteries. The primary capillaries in the median 
eminence contact with the palisade layer and have connections with the vessels of the 
| — In some cases a second portal system is noted in the neurointerme- 








x iat lob | — minor connections between the primary capillary bed and the vessels 


intermediate lobe but this lobe has an independent blood supply 
Different kinds of neurosecretory nerve endings on the pericapillary 
have been — and the —* capillaries are fenestrated. 
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All the endings have clear synaptic vesicles and no typeB or typeC endings 
are evident. In the posterior part of the median eminence TypeAl fibres end on 
a thick avascular sheet of connective tissue separating the endocrine cells of the 
pars distalis. Short portal vessels join the primary capillary bed with the rostral 
end of the pars distalis. 


The dorsal part of the preopticoncurohypophysial tract and few fibres of the 
ventral tract enter the neural lobe. 


The plexus intermedius is situated between the neural and intermedia tissues. 
Zambrano and Tturriza(1972, 1973) found an independent blood supply from the 
basilar artery. The pars intermedia is practically avascular. The preopficoneuro- 
hypophysial tract ends on ‘the plexus intermedius. Pars intermedia cells are 
directly innervateo. | 

Zambrano and Iturriza(1972) studied the neural lobe of the Lepidosiren 
ulfrastructurally. The neural lobe is formed by hollow lobules or follicles con- 
taining ependymal cells, a fibrous layer: and AF-positive outer palisade layer. 
The ependymal cells have granules of 140-200nm in diameter and have end-feet 
abuttine against the perivascular membrane. Nonsynaptoid contact between the 
neurosecredtory fibres and the ependymal cell membrane is sometimes met with. 
Gaps exist in between end-feer for the neurosecretory endings. The authors 
Suggested that the neurosecretory material is released into the perivascular space 
and some nsm is transported through the ependymal cells for release into the 
infundibular recess. There are four types of nerve fibres in the palisade layer. 
All of them have synaptic vesicles. 


TypeAl: The electrondonse secretory granules are spherical and of 150-180nm 
in diameter. 
TypeA2: Irregu’ar dense granules of 130-150 nm in diameter. 


TypeC : Only dear synaptic vesicles, 
TypeB : Aminergic fibres having large granulated vesicles of 90-100nm in 
diameter, 


The pituitary of the Coelacanchiformes (Latimeria chalumnae) 
Kuhlenbeck (1977) in his book, Derivatives of the prosencephaton : dience- 
Set at te en part I (Publisher : S, Karger) discussed the arran- 
eme e | s and the pituitary of the Crossopterygian Coelacanth 
pages 95 and 202-206. Latimeria is a highly aberrant form with 
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Millot and Anthony(1965). This pedoncule is continuous rostrally with adeno- 
hypophysial pedunde (cordon conjonctive-veseulalre). “The adenohypophysis 
is connected with the palate by a vascularized, partly hollow stalk containing 


slets of adenohypophysial tissue and presumably corresponding to Rathkes 
pouch’. 


A second, basal preoptic but topologically postoptic recess ventral to true 
preoptic recess and chiasmatic ridge can be seen. The posterior recess of the 
posterior inferior hypothalamus (lobi inferiores) is situmted ventral to the 
tuberculum posterius. It seems doubtful that the saccus vasculosus is somehow 
connected wäh the rostral basal hypothalamic floor. The ganglion habenule 
is raher caudally placed, “As far as can be inferred from the observations 
and iiustrations published by Miot and Anthony, some parts of the ganglion 
habenulae show a compact cellular grouping, while thalamus dorsalis, thalamus 
ventralis, and hypothalamus seemingly display a rather nondescript, diffuse, and 
essentially periventricular cellular arangement”’. 


The stria medullaris system, the basal forebrain bundle, and the fasciculus 
retroilexus can be easily identified. The dorsal portions of the basal forebrain 
bundle run through the Ahalamus ventralis instead of the hypothalamus. Others 
run through the boundary zone of hypothalamus and ventral thalamus. The 
diencephalic fibre systems also include fasciculus hypo*halamo-peduncularis, 
fasciculus thalamicus dorsoventralis, fasciculus thalamo-hypo'halamicus caudalis, 
fasciculus ithalamo-hypothalamicus rostralis, fasciculus thalamo-peduncularis and 
fasciculus thalamo-tegmentalis. 


The commissural decussaling syslems comprise of commissura anterior, com- 
missura habenulae, commissura posterior, optic chiasma and postoptic commissure. 
Similarly the crossing fibres seem to be present near the tuberculum posterius at 
the basal diencephalomesencephalic boundary zone. 


The description of the pituitary is from Millat and Anthony(1955,1959,1965) 
and Lagios(1972). A part of the adenohypophysis is situated under the brain 
in the posterior part of the cranium having contact with the digitations of the 
-heurohypophysis. The neural lobe is the anterior process of the infundibulum 
and its interdigitations with the pars intermedia are as noted in the fish (Lagws, 
1972). The main part of the pars distalis is found on a depression situated 
dorsally over the neurointermediate lobe. This part of the pars distalis is called 


the cerebral pars distalis (Holmes and Ball, 1974). From the cerebral pars dis- 


ls ong older of fibrous 
" ead of the buccal cavity. Lagios(1972) found a large mass of pars dista- 


cells at the buccal enc 
jis cell an ound. ‘i and Anthony(1965) thought that the fibrous 
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also well vascularized cords of cells, Lagios(1972) found central cyslic spaces 
Which may be the residual hypophysial cavity. The anterior part of the cerebral 
pars distalis has acidophils and Lagios could not identify the cell types of the pos- 
terior part as the fixation was not good. There was a smal! saccus vasculosus 
evaginating from the posterior infundibular wall. 


Blood supply (Lagios,1972): The mternal carotid arleries enter the | 
cranial cavity in close approximation to the buccal pars distalis converging 
on the fibrous cylinder. This part of Ihe pituitary may receive some fine 
branches. The internal carotid arteries being ensheathed in the tubular 
fibrous tissue proceed towards the oplic chiasma and ventral to it they 
bifurcate and a group of convoluted arterioles arise from them. Primary 
capillaries of the median eminence are fed by these vessels. These are perpendi- 
cular glomeruloid. capillary complexes and each of them is separately ensheathed 
in fibrous tissues at the rostral aspect of the infundibulum. © At the median eminence 
some neurosecretory fibres end on the primary capillaries. These capillaries become 
continuous with the dilated vertical venous channels which enter into the cerebral 
pars distalis and proceed into the fibrous cylinder and reach the buccal pars dis- 
talıs and supply the same (Holmes and Ball, 1974). 


Lagios and Stasko-Concannon(1979) described the presumptive interrenal 
tissue (adrenocortical homo'ogy) of the coelacanth Latimeria chalumnae. Par- 
tially encapsulated bright yellow corpuscles were situaled in the walls of the 
posterior caval veins and their major tributaries. Large vacuolated cells formed 
the corpuscles. The cells contained lipid and cholesterol. Ultrastructural exami- 
nation of the cells showed plenty of liposomes which may indicate inacliveness. 


A provisional study on the identity of corticosteroids of the coelacanth 
Latimeria chalumnae Smith was conducted by Truscoit(1980), The presumptive 
adrenocortical cells sttuated in the coelacanth kidney (frozen tissue) was analysed 
by double isotope derivative assay (DIDA) for adrenocorticosteroids, Evidence — 
was obtained for the presence of I1-deoxycorticosterone, cortisol, and corlicoste- 
rone. |1-deoxycortisol or cortisone could not be detected. When this tissue w 





Hayashida(1977) conducted immunochemical and biological studies with 


. 


growth hormone in a pituitary extract of the coelacanıh, Latimeria chalumnae 

















CHAPTER 12 
THE PITUITARY GLAND IN AMPHIBIA 


The pituitary of the lungfish has many features common to that of the amphi- 
bians (Wingstrand,1956). Wingstrand(1966) described the development in 
details, In both these animals Rathke’s pouch develops as a compact epithelial 
bud. It remains compact in Anura, and Urodela, A schizocoelic lumen is 
formed in the compact epithelial bud which disappears during further develop- 
ment in Gymnophiona. The schizocoelic lumen remains as a hypophysial cleft 
in the adult gland of Dipnoi. In Urodeles, Anurans and Protopterus the situa- 
tion of the adenohypophysis is either posterior or ventrocaudal to the neurohy- 
pophysis. The posterior pole of the gland is formed by the pars distalis, The 
lungfish has no pars tuberalis. In the amphibians the pars tuberalis develops as 
a pair of tongue shaped outgrowths which project anteriorly from the anlage of 
the adenohypophysis. These outgrowths may remain in contact with the pars 
distalis in Urodela and Gymnophiona. They are isolated as two patches of epith- 
“elial tissue on the ventral surface of the tuber as in Anura (figs. 12.0a, 12.0b, 
and 12.00). 





un m! eo caudal eoatra! . pe caudal 


Figs. 12.0a and 120b. Waxplate reconstruction of the hypophysis and the adjoining part 
of the brain of an adult Ambystoma jefferson. 
Ht = Derivative of the brain; pa = Pars anterior; 
pi = Pars intermedia; m = Pars tuberalis; 
(a) View from the side 
(b) View from ventral aspect. 
X 1:38. After Atwell (1921, Figs. 8 and 10). 
From B. Romeis. Courtesy of Springer-Verlag. 





and the hy ysis of Rana catesbiana; pa = 
pt = Pars tubcralis; di — Thicker part 
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The Gymnophiona has a long infundibular stem. Except in Gymnophiona 
the neurohypophysis is characterized by wide and backwardly directed saccus 
infundibuli which ends in a pair of diverticula and this corresponds to the primary 
branches of amniote neural lobes. The development of the neural lobe is from 
the posterior wall of the saccus infundibuli between these primary branches and 
from the posteromedial wali of these branches. The neural lobe is small and its 
separation from the median eminence is indistinct. The median eminence is often 
poorly differentiated and it is situated in the wall immediately ventral to the 
neural lobe. 


The pars intermedia is dorsal or dorsocaudal to the pars distalis. Tt is con- 
tinnous with the pars distalis in urodeles. In anurans the pars intermedia is con- 
nected at its caudoventral rim with the dorsocaudal surface of the pars distalis. 
The rostral surface of the pars intermedia is attached to the caudoventral surface 
of the pars nervosa of the neurohypophysis. 


_ Excellent reviews on the comparative morphology of the pituitary are those 
of Green(1951), Herlant(1954), Green and Maxwell(1959), Dodd(1963), Dodd 
and Kerr(1963), Wingstrand(1966), van Doneen er al.(1966), van Oordt(1968), 
Holmes and Ball(1974), and Fontaine and Olivereau( 175). 


The pituitary of the anura : 


Wingstrand(1966) mentioned the most important papers dealing with the 
morphology of the adult gland His collection tentains series of Rana, Bufo, 
Hyla, Bombina, and Liopelma hochstetteri, The pituitary of the primitive Lio- 
pelma is of common anuran type. The variation in the morphology of the 
pituitary in anurans is very small. 


The adenoh — 


The adenohypophysis is situated posterior or ventrocaudal to the ne eur 
pophysis. The pars distalis of anurans is somewhat flattened —— 
and is often broader than long forming the posterior pole” of the ‘pituitary and 
is exceptionally broad. It is continuous with the pars intermedia along its antero- 
ventral extremity of the pars distalis, This area receives blood from the portal 
vessels of the eminentia and appears to be equivalent to the mammalian zona 
and — The pars fuberalis is a small cell plate, closely 

ce on each side of the tuber ir Be The 
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pass through the tissue and partly run in furrows on the surface, The separate 
blood supply of the neural lobe is shared only by the intermedia. The neural 
lobe contains plenty of AF+ neurosecretory material. The common blood 
supply to the neural lobe and the pars intermedia is through the plexus interme- 
dius situated between these two structures (Wingstrand,1966). The median 
eminence is antero-ventral to the neural lobe. It is very near the antero-ventral 
end of the pars distalis having contact with the same, On the ventricular side, 
the wall of the median eminence is lined with ependyma and the fibre bundles of 
the hypothalamo-neurohypophysial tract are below the ependymal lining. The thick 
external zone of the median eminence contains AF+neurosecretory material, 
although. significantly less than the neural lobe. Processes of plenty of glial cells 
(pituicytes) form palisade zones around the numerous capillaries which are partly 

A embedded in the substance. These primary portal capillaries are drained by 
portal vessels which pass to the pars distalis. A thin undifferentiated wall separates 
the eminentia from the neural lobe. This can be regarded as a ventral wall of 
an infundibular stem forming part of the roof of a large recess between pars 
distalis and pars intermedia (Holmes and Ball,1974), 


The pituitary of urodela: _ 


Wingstrand(1966) reviewed the urodelan pituitary and his collection includes 
series of Triton, Ambystoma and Salamandra. The pars distalis of the adenohypo- 
physis is similarly situated as in anurans but it is more elongated and contains 

e large glandular cells. The zona tuberalis is formed at the antero-ventral end of 
the gland where the portal vessels enter. In Salamandra the intermedia is much 
better developed laterally than in the median parts. In all the forms the pars 
tuberalis is present as a pair of epithelial strings or tongues, They grow out from 

A the antero-ventral end of the pars distalis on each side and are attached to the 
surtace of the tuber. 


- The differentiation of the neurohypophysis is same as in anurans except the 

‘median eminence which is always less well developed than that of anurans, The 

“neural lobe is thick, compact and vascular. It contains AF+neurosecretory 

er ‘Substance and is lobulated in the majority of forms, but the neural lobe of 
1i uma and Necturus sends hollow lobules into the intermedia as is found in 
= Dipnoi (lungfishes), The median eminence is very poorly developed in Necturus, 
: _Cryptobran cl hus and Megalobatrachus. “The wall of the hypothalamus which is 
h in contact with the —— antero-ventrally of the neural lobe is covered by 
a capillary net, whict 1 is continuous with and drained into the vascular bed of 
the: fe rs distalis, bi necti vessels have not fused to a few, prominent 
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Zone. This eminentia is, however, confluent with the neural lobe in median 
sections, and the limit between the organs is best seen in preparations stained for 
neurosecretory substance, which is stored mainly in the neural lobe” (Wingstrand, 
1966). 


The pituitary of the Gymnophiona( Apoda). : 


Most striking difference exists in the apodan pituitary when compared to 
that of other amphibians (Wingstrand,1966), The entire gland is very flat. The 
pars distalis is anterior to the neural lobe and the posterior end of the pituitary 
is formed by the neural lobe. The intermedia is developed along the anterior 
part of the neural lobe, where it is in contact with the adenohypophysis. As in 
urodeles, a pair of tongue-like lateral lobes develops from the anterior end of the 
adenohypophysial anlage. These structures are incompletely detached from the 
main gland and therefore the position is intermediate between those of Urodela 
and Anura. In early stages of embryonic development a small lumen can be 
seen in Rathke’s pouch but it disappears later (from Wingstrand, 1966). 


The infundibular stem is very long and thin. “It passes dorsally to the pars 
distalis in a furrow to the caudally situated neural lobe, which is a fairly compact 
structure. In spite of its narrowness, the stem contains a minute recess from the 
ventricle, and this recess widens into a small cavity in the basal part of the 
neural lobe. There is a portal system as in typical tetrapods, and the primary 
plexus is situated on a modified brain surface near the front end of the pars 
distalis. This modified area deserves the name eminentia mediana” (Wingstrand, 
1966). 


Blood supply of the pituitary l 
The hypophysio-portal vessels are like those of tetrapods but the supply to 
the neurointermedia is almost entirely portal. Rodriguez and Piezzi(1967) 
studied the vascular supply in Bufo in details. Capillaries of the primary portal 
plexus in the median eminence are fed by branches from the hypophysial artery, 
Portal veins or capillaries in urodeles are formed which supply the secondary 
plexus in the pars distalis. Direct arterial supply to the plexus intermedius 
through large capillaries is from the hypophysial artery. Some primary capilla- 
ries in the median eminence pass along the infundibular floor to end in the plexus 
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and supply the plexus intermedius. The plexus intermedius gets blood supply 
from the following sources : 


(a) the median eminence 
(b) the hypopiysial artery 


(c) the encephalo-neurohypophysial-portal system (maximum quantity of 
blood supplied), 

Small capillaries at the periphery of pars intermedia carry blood from the plexus 
intermedius and some vessels pass to the dorsocaudal part of the pars distalis, 
Ihe amphibian neural lobe is penetrated by numerous capillaries (Rodriguez, 1971). 
Large capillaries form a type of perforated diaphragm separating the neural lobe 
trom the pars intermedia. Ihis resembles the vascular septum of the lamprey 
and lizard neural lobes. The mammalian neural lobe is penetrated by a 
large number of blood vessels. These vessels appear to be brancnes of the arteries 
supplying the posterior lobe and they. do not belong to the secondary plexus of a 
portal system. 


Neural lobe blood is carried through the hypophysial vein and thus the 
neurohypophysial octapeptides pass to the systeme circulation and it is impor- 
tant to Bufo for water conservation problems (Jorgensen er al,19%69). From 
plexus intermedius separate veins proceed to the hypophysial vein. Pars distalis 
blood passes to the hypophysial veins through the posterior collecting veins 

. directly or through the plexus of the endolymphatic sacs, 


Pars intermedia receives blood from neural lobe and also from the median 
eminence, hypothalamus, mesencephalon and general circulation. Pars distalis 
receives blood supply mainly from the median eminence and partly trom the 
vessels of the neurointermedia (posterior supply-meagre). The A2 cells are 
most likely to be exposed to blood from the plexus intermedius (Holmes and 
Ball,1974). For the transport of MSH long distances are required from the 
endocrine cells to the capillaries as the pars intermedia is less vascular. 

The hypothalamus 
ae Diffuse parvocellular nuclei corresponding to those in the hypophysiotrophic 
abe area of the higher vertebrates have been noted in the Bufo melanosticrus as evi- 
— enced by pituitary grafting experiments (Roy,1969-71). This bas also been 
found by Jorgensen (1968). 
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The ventral group lies in the wall of the preoptic recess and the preopticoneuro- 
hypophysial tract starts from it. These typeA fibres are AF-positive, PAS-positive 
and are engaged in water balance of the animal. 


The infundibular nucleus is situated in the ventral hypothalamus giving origin 
to typeB fibres which end in the median eminence. The cells are aminergic and 
may be homologous with the reptilian and avian infundibular nucleus and the 
arcuate nucleus of the mammals(Zambrano and De Robertis,1968). Dierickx 
(1966,1967) found the gonadotrophic centre to be located in the basal hypothala- 
mus, the pars ventralis tuberis, Aldehyde fuchsin-negative parvocellular nuclei 
from this part send typeB fibres to the median eminence. Infundibulum of the 
brain of Triturus cristatus was studied with scanning electron microscopy by 
Fasolo ef al.(1979). 


Posterior aminergie nuclei are localized in the posterior hypothalamus. Light 
and electron microscopic histochemistry indicates that the tracts are mono- 
aminergic (Rodrigue2,1972). The typeB fibres take their origin in a pair of long 
curved nuclear groups having AF-negative cells, in larval Xenopus and adult 
R. temporaria, Triturus cristatus and Bujo bufo (Peute and Goos,1970; Fasolo 
and Franzoni, 1971 ; Rodriguez,1972). These neurons, preoptic nuclei and infundi- 
bular nuclei have ventricular processes protruding into the third ventricle. The 
fibres from the posterior aminergic nuclei run in a tract near the median eminence 
and enter into the pars intermedia. These fibres along with the typeA preoptico- 
neurohypophysial fibres course through the internal region of the median eminence 
and divide opposite to the pars intermedia. One part ends on the wall of the capil- 
laries which connect the primary portal plexus with the plexus intermedius. The 
other part pierces the neurointermedia septum and some typeB fibres end on the 
capillaries and the majority pass into the pars intermedia(Doerr-Schott and 
Follenius,1970; Rodriguez,1972). Peute and Goos (1970) thought that these 
nuclei in the posterior hypothalamus elaborate an MSH-inhibiting monoamine. 


In amphibians (frog and newt) the posterior hypothalamus is related to the 
median eminence (Fasolo and Franzoni,i978). Distinct tracts arising from dis- 
crete areas in the periventricular gray matter and directed towards the neuro- 
P aa 


ei Fluorescent reactions in the preoptic area, ventral Wy 
eminence and neural lobe of Triturus helveticus, Pleurodeles 
lenta, —— bufo were era A Gaubrion et al. (1978 . The 
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the inner zone of the cadal median eminence. In Triturus and Rana a few 
immunoreactive axons proceeded anteriorly towards the posterior telencephalon. 


Doerr-Schott and Dubois(1978) could localise different peptidergic substances 
in the brain of amphibians and reptiles immunohistochemically. The authors 
summarized immunohistochemical findings with LHRH-, SRIF-, alpha- and beta- 
endorphin and met-encephalin antisera in amphibians and reptiles, interpreted in 
the light of classical specificity checks. 


Study of GnRH system: In amphibians, a septo-preoptico-infundibular system 
could be revealed immunohistochemically by the use of LHRH antiserum. In 
Xenopus laevis, small immunoreactive cells were found in a small telencephalic 
area, near the lateral septal nuclei. In Rana pipiens and Rana catesbeima GnRH 
cells could be found in medial septal nucleus, lateral septal nucleus, diagonal band 
of Broca, and bed nuclei of the anterior hippocampal commissures. Immunoreactive 
cells could not be found in the telencephalon of control Rana esculenta, Rana 
temporaria and Bufo vulgaris. Immunopositive endings could however, be found 
in the median eminence. This discrepancy can be explained by insufficient 
content of GnRH in the perikarya. In hypophysectomized Bufo vulgaris telen- 
cephalic fluorescent GnRH cells were noted. In the anterior preoptic area of 
Xenopus laevis and Rana esculenta, another group of GnRH cells has been 
observed by the authors. The third group of immunoreactive cells is found to be 
situated along the ventral edge cf the infundibulum in Xenopus laevis and Trirurus 
marmoratus. The septoinfundibular pathway exists in Xenopus laevis, Rana 
pipiens and Rana catesbeiana. 


SRIF-like system: Tt is present in the median eminence of the newt, in the 
preoptic nucleus and hypothalamo-hypophysial tracts of Bufo and Xenopus. 
Immunoreactive perikarya are also present in the posterior hypothalamus in 
hypophysectomized Alyres obstetricans treated with STH. 


LHRH and SRIF + fibres have been noted mainly in the external zone of 
the median eminence in Xenopus laevis. The granules containing LHRH are 
890 A in diameter. SRIF + granules are 840 A in diameter. These two types 
of granules are situated in two different types of fibres. 


Alpha-and beta-endorphin + neurons have been identified in some cells of 
the ‘nucleus preopticus, in a few isolated cells and in plenty of fibres situated in 
the pa 3 ventralis of the tuber cinereum of Rana temporaria, The inimunopositive 
ns in the infundibular floor are perpendicular to the hypothalamo-hypophysial 
ts. These chains: end | over the capillaries. Plenty of immunopositive nerve 
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The authors concluded, ““Morphinomimetic peptides affect the regulation of 
neurohormonal systems which transmit neurohormonal substances towards the 
portal hypophysial system, along the hypothalamo-hypophysial pathway”. 


The paraventricular orean(PVO) 


Vieh(1969) described the structure and function of the paraventricular organ 
(PVO). This is an ependymal organ situated at both sides of the third ventricle, 
The monoamines as detected by fluorescence method could be demonstrated in 
a distinct neuron group called the mucleus organi paraventricilaris belonging to 
the organ. The Hungarian investigators in 1966 could demonstrate that the 
monoamines are not localized in the special ependyma, The free ventricular 
nerve endings take their origin from the neurons of the nucleus mentioned above. 
The monoamine containing nucleus forms nerve terminals in the cerebrospinal 
fluid. It is present from fishes up to birds. 


In the posterior recess of the hypothalamus of fishes there is a PVO-like 
area. Monoaminergic fibre-bundles originate from it, Free nerve endings could 
also be found at different parts of the brain ventricles. The Hungarian authors 
detected a PVO-like area in the preoptic recess of amphibia, which they called as 
preoptic recess organ. All these areas are characterized by monoamine-contrain- 
ing neurons and free ventricular terminals. These morphologically analogous 
systems are called as liguor-contacting neuronal systems, These systems are inter- 
connected with fibres. 


Functions of the peraventricular organ : 


(1) PVO has a secretory ependyma, In some species Gomori-positive 
material has been found in the ependymal cells of the organ. The amount of 
paraventricular ependymosecretion varies with the age of the animal, Thus it 
may be connected with maturity, though it may not be the main function of the 


organ, 


(2) — may be secreted into the cerebrospinal fluid Me 
phenomenon). “ t 
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Vigh-Teichmarn er al.(1969) studied the phylogeny and ontogeny of the 
paraventricular organ. Their study included fishes, amphibians, reptilia. birds 
and mammals, Human brains were also studied, In the cartilaginous fish, Raja 
clavata, PVO is represented by well developed lateral recess of the third ventricle. 
Similar feature has been noted in the systems o" the posterior recesses. In Scyliv- 
rhinus caniculus a PVO has been noted. The PVO in bony fishes is well developed 
and consists of two divisions differing structurally and in monoamine content, The 
neurons of the PVYO form two layers: a proximal or hypendymal layer contains 
smaller cells. The distal layer contairs larger neurons. Strongly fluorescent fibre 
bundles take their origin from the PVO and pass into different diencephalic parts. 


In amphibia the PVO extends into the lateral recess of the infundibular lobe. 
In urodela another PVO-like area, perhaps cnalogous to the system of the fishes’ 
posterior recesses is situated in the upper part o the infundibular lobe. The 
nucleus of the PVO carnot be divided into two parts by a fibrous zone. Fluo- 
rescent fibre bundles leave the PVO and the scattered and partly crossing fluo- 
rescent bundles proceed towards the following areas: to a monoamine-containing 
nucleus located in the most caudal part of the diencephalon, and in the mes-and 
rhombencephalon; to the epithalamus including the subcommissural organ; to 
the preoptic recess and the median eminence. 


The rep’ilian PVO is more differentiated than that of amphibia. It is divided 
into a proximal and a distal part by a characteristic fibrous synaptic layer. 


The nucleus of the avian PVO is composed of a proximal, a distal and a 
hypendymal part. They are separated from one another by fibrous synaptic zones, 
The PVO is connected with the subependymal monoaminergic fibrous zones and 
the zones on the outer surface o! the hypothalamus, with the paraventricular 
nucleus and the monoaminergic fibres of the preoptic recess. 


The wavy paraventricular ependyma of mammals may not be considered 
to be the homologue of the PVO of lower vertebrates. 


The authors could establish that, “the PVO o' all animals (fishes, amphibia 
and birds) show a well developed structure and differentiation already in early 
-embryological stages. Shortly after the appearance of the PVO’s primordium, 
monoamines can be demonstrated histochemically, suggesting the start of func- 
tioning. Therefore, the PVO may play a role in embryonic physiclogy, too.” 


Vigh-Teichmann(1969) described hydrencephalocriny of neurosecretory mate- 
rial in amphibia: The preoptic nucleus of the frog, Rana esculenta was stained 
with chrome alum gallocyanine method of Bock(1966)). The authors could 

Jistinguis! 1 two ‚groups of neurosecretory cells. Neurons were situated hypendy- 

or il aed ‘The other neuronal group was situated further away 

| ne Hiemeäsien koti Doch te groupe — 

» into the third ventricle where they form bulb-like 

y gras have been noted in the nerve cells, the ventri- 
1e 1 endings. 5 
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The organon recessus preopticus(ORP) 


It is situated in the rostral part of the preoptic recess where similar neurons 
form bulb-like ventricular endings. These nerve cells are smaller than the cells 
of the preoptic nucleus, Gomori + neurosecretory material is not found in these 
nerve cells. Plenty of monoamines can be demonstrated. 


The ORP extends from the terminal lamina to the anterior end of the 
preoptic nucleus. Monoamine-containing neurons could be observed by them on 
the whole surface of the preoptic recess and around the anterior commissure, 
near the foramen of Monro. The ORP is formed by two neuronal groups: 
hypendymal and diffuse. The hypendymal cells are bipolar and situated 
within or adjacent to the special stratified ependyma. The nerve cells 
of the diffuse variety are multipolar and situated further away from the 
ventricular surface. The ventricular processes of both these groups project into 
the third ventricle and possess bulb-like endings. Monoamines have been noted 
in the cell bodies, processes and ventricular endings. Dense-core vesicles were 
noted by the investigators in the perikarya, processes and ventricular endings of 
both the neuronal groups of the ORP. A well developed organ was found only in 
urodela and anura. The monoamines appear much later in the ORP than in the 
paraventricular organ. PVO starts functioning earlier than ORP. Monoamine 
oxidase and AchE were present in good amount in the ORP. G-6-P-DH, LDH, 
SDH, Glut-DH, NADH-cytochrome-c-reductase, acid and alkaline phosphatases, 
various nonspecific estarases, BchE and leucine aminopeptidase were moderately 
active or negative. Green fluorescence was found in the ORP which differs from 
that noted in the paraventricular organ and the mes-and rhombencephalic nucleus 
in amphibia. Pharmacological experiments suggested the presence of a primary 
catecholamine in the ORP. 

Crossed fluorescent fibres are situated above and below the ORP. Crossed 
and uncrossed fibres proceed in two directions from the organ. One bundle runs 

towards the ventral part of the telencephalon, The other bundle runs into the 
caudal part of the diencephalon. The diencephalic bundle is in connection with 
the preoptic nucleus, the paraventricular organ, the monoamine-containing nucleus 
of the mes-and rhombencephalon, the epithalamus and probably with the fluores- 
cent area of the median eminence. 


ORP has a receptor function for the cerebrospinal fluid The receptor gives 
special informations about the composition of the cerebrospinal fluid to the different 
parts of the central nervous system. A 4 | 
monoamines) can also be attributed to the ORP. — ont 
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ependymal loops of the primary plexus of hypothalamo-adenohypophysial portal 
system. The external or neurohaemal region consists mainly of short loops of the 
portal system, different types of nerve endings, ependymal processes and glial cells. 
The bird median eminence can be divided into an anterior and a posterior part 
according to the affinity for AF. The rostral region of the median eminence in 
mammals and man was considered by Rodriguez as a third region of the 
mammalian median eminence, 


TypeB AF-positive fibres end in the median eminence. No Cajal-positive 
fibres could be observed to end in the external region of the median eminence. 
Silver chromate method of Golgi showed a rich plexus of nerve fibres ending in 
the external zone of the median eminence. 


Different types of nerve endings depending on the size and structure of the 
secretory vesicles exist in the external median eminence and there are consider- 
able variations amongst different species (Kobayashi er al,.l970). Rodriguez 
(1969) described six types of fibres in the toad median eminence. Budtz(1970) 
and Doerr-Schott(1970) described five types of terminals in the median eminence 
of the toad Bufo bufo and in the frog Rana temporaria. Rodriguez(1972) said, 
“most, or perhaps all, the terminals of the median eminence contain both, a mono- 
amine, and a releasing or an inhibiting factor". 


Short capillary loops in the median eminence are situated in the external 
region. They are surrounded by a PAS-positive fibrillar formation which is 
arranged in a circular and radiating pattern. From electron microscopic observa- 
tions it could be understood that these formations are long processes of the 
perivascular basement membrane (fig. 12.1). There are perivascular spaces in 
some short loops while in others & single basement membrane separates the endo- 
thelium from the surrounding nervous tissue. Nerve terminals, glial cells and 
ependymal processes come in contact with the short loops and the processes of 
their perivascular basement membrane. Only a few connective tissue cells (fibro- 
blasts, mast and plasma cells) are sometimes ncted in the space surrounding the 
short loops. 


In the amphibians long capillary loops with ascending and descending branches 
have been noted by Rodriguez(1969). These are situated in the external median 
eminence and the subependymal part of the loop usually lies parallel to the epen- 
dymal lining. The descending branch of the loop is wider than the ascending one. 
The perivascular space surrounds the long loops. The external perivascular base- 
ment membrane surrounding the subependymal portion generally has numerous 
and short finger-like projections which intermingle with similar format'ons of the 
ependymal endings (Rodriguez,1972). Nerve terminals, glial cells and ependymal 
processes come in contact with the ascending and descending branches of the long 
capillary loops. Basal processes of the ependymal cells and subependymal glial 
cells form a cuff which surrounds the subependymal part of the long loop 
(fig. 12.2). Perivascular connective tissue cells are rarely found. 


O.P.-209—29 
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[wo main types of the ependymal cells could be detected in the median 
eminence of the toad. One is a short cell without a basal process and the second 
type is tall with a basal process. The basal processes of the second type of 
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Fig. 12.1 Semi-schematic representation of the interrelationships between 
a short loop of the toad median eminence and the surrounding 
nerve elements 1, 2, 3, 4, 5 and 6 are different types of nerve 
terminals, The perivascular basement membrane and sts pro- 
cesses are shown in black. (G). glial cells—From Rodriguez 
(1972), Courtesy of S. Karger AG, Basel, 


ependymal cells end either on the membrane situated at the external surface of 
the brain or they end on the perivascular basement membrane of the short and 


long capillary loops. 


BL. 
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The perikaryon of the short and tall ependymal cells is almost completely 
filled with filaments, tubular and vesicular formations and a few mitochondria, 
Microvilli are present and few cilia project into the third ventricle. The cells 
are bound together by tight junctions and desmosomes. 





Fig. 12.2. Diagram showing the interrelatonships between the ependyma of 
the tond median eminence, the short and long capillary loops of 
the hypothalamo-adenohypophysial portal system and the nerve 


Continued to next page— 
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Depending upon the ultrastructure of the basal processes, the tall ependymal 
cells are of two types. Processes of both the types are filled with filaments 
and tubular formations (smooth endoplasmic reticulum). The fundamental 
difference between the two types is that in one type the ‘tubular formations are 
partly filled with an electron dense material and these tubular formations have 
connexion with electron dense granules of different shapes and sizes at the 
ending of the ependymal processes. In the other type of basal process these 
tubular formations are electron lucent(Rodriguez,1969; Scott and Knigee, 1970; 
Knigge and Scott,1970). The surface of these ependymal endings is irregular 
and intermingles with the rough surface of the perivascular basement membrane 
of the long and short loops (fie. 12.2). 


Exogenous peroxidase injected into the CSF is incorporated into most of the 
ependymal cells of the toad median eminence, Cells with no basal processes do 
not incorporate the peroxidase. The peroxidase has no entry into the intercellular 
spaces between the ependymal cells. Different behaviour has been noted in the 
neighbouring ependymal cells. Little or no peroxidase has been noted to be 
incorporated in the ependymal lining of the neural lobe. Peroxidase passes through 
the intercellular spaces of the ependymal lining in the region of the infundibular 
nucleus and accumulates surrounding each neuron or is contained in some glial 
cells, Rodriguez(1972) suggests that at the level of the infundibular nucleus the 
encephalo-CSF barrier is not present “The histclogical study clearly shows that 
most ependymal cells of the median eminence are interposed between the CSF 
and the portal capillaries. The ultrastructure of these cells strongly points to the 
possibility that they may perform a transport function. The fact that these cells 
may absorb exogenous peroxidase present in the CSF could be taken as an indica- 
tion that transport may occur from the CSF towards the basal processes. Trans- 
port in the opposite direction cannot be excluded. The presence of ZIO(Zinc 
iodide-osmium tetroxide impregnation technique)-posit've material within tubular 
formations of these cells might indicate that some of the substances being trans- 
ported are monoamines or related compounds’’—(Rodriguez,1972). 


Contd. from page 247 
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Special nervous elements connect the CSF to the portal vessels (Rodriguez, 
1972). They are situated in the infundibular nucleus-median eminence region. 
The cells are located either in the ependymal layer or immediately beneath this 
layer and have a thick and short process which protrudes into the third ventricle 
and a long process which proceeds ventro-laterally to end on the portal vessels. 
This vascular process near the cell body is thick and the rough surface has projec- 
tions which resemble dendritic spines. More distally the process is smooth and 
thin, 


The special type of bipolar cells are located in the floor and in the ventral 
end of the lateral walls of the infundibular recess. The author could not decide 
whether these cells are neurons, ependymal cells or a special nervous element ; 
but it is definite that they are in some way involved in the hypothalamo-adeno- 
hypophysial interrelationships. 


A receptor cell in the toad hypothalamus was found by McKenna and Rosen- 
bluth(1975) by Golgi impregnation method. The infundibular recess of the 
brain of Bufo marinus is lined by a population of catecholamine-containing cells. 
By electron microscopic and fluorescence histochemical study it was thought that 
the cells with an apical process to the ventricle and presynaptic to neurons play 
a sensory role, These cells relay information about the CSF to neurons at the 
somatedendritic synapses. The authors characterize these cells further by Golgi 
impregnation studies. An apical process projects from the cell into the ventricle 
where it comes in contact with the CSF. Rather thick (0.6 to 1.2m) processes 
proceed from the basal pole of the cells. The processes are rough in appearance 
and branched and they course into the underlying tissue. Lateral processes may 
be thick or thin, the thicker ones resembling the basal processes They do not 
branch and show varicosities at regular"intervals. EM study of the Golgi- 
impregnated cells demonstrates the presence of axon terminals along the basal 
processes. It proves conclusively that these processes serve a dendritic function. 
“Thus, the infundibular subependymal cells, which have characteristics of receptor 
cells, also possess a system of dendrites. Axon terminals found along these 
dendrites, as well as the terminals found along the apical process and cel! body 
described in the earlier study, serve most likely to modify the sensitivity of the 


see cells”, 


 Oksche and Hartwig(1975) while studying photoneuroendocrine systems and 
the the third. ventricle found that these systems contain aminergic pathways to the 
ntermediate lobe and they are involved in colour changes (inhibition of the inter- 
medi id ar "In Rana temporaria these pathways could be traced back to the 

SF-c 7 neurons of the paraventricular and preoptic recess organs. The 
rticular p SGM ocr ee its ependymal matrix, is 
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anurans, teleosts, clasmobranchs, and lampreys has been well established with 
electrophysiological methods (Dodt). In anurans, it has been shown microspec- 
trographically that the outer segments of the pineal photoreceptor cells contain 
photopigments (Hartwig). Microspectrofluorimetric studies indicate that these 
receptors also contain an agranular pool of 5-HT or 5-HTP. In pineal sensory 
cells, an input of photic information might be converted into both electrical and 
neurohumoral outputs. In several species of poikilothermic vertebrates, the 
pineal organ is hollow and in connexion with the third ventricle. Thus, the 
outer segments of the receptors are bathed in CSF". 


The amphibian neural lobe 


Rodriguez(1971) observed four types of endings in the neural lobe of all the 
specimens of Bufo bufo. A fifth type could be recognized in some. Analysis of 
the Kolmogorov-Smirnov test to the axons showed that there are at least four 
types of axons in the neural lobe of the toad. They are: typell has granules of 
about 100nm mixed with numerous small clear vesicles of 4Onm. 


Typelll has granules of moderate electron density with a diameter of 
150-180nm. 


Type TV has granules denser and smaller than previous ones (about 130nm). 


TypeV fibres could be found only in some specimens. They contain 250nm 
granules of low electron density. 


Typel contains only small vesicles. 


Types! and II are very rare. Types!T, TIT, IV, V fibres were noted in the 
hypothalamo-hypophysial tract at the level of the infundibulum. 


In the frog (Rana pipiens) typeV fibres were never observed. Rodriguez 
and Dellmann(1970) transected the hypothalamohypophysial tract before it 
entered into the median eminence. An accumulation of neurosecretory granules 
in the proximal stumps of the divided axons could be found. Axons were loaded 
with ete hundreds of granules. Axons of typesIII and IV belong to neural lobe 

Types! and II are median eminence fibres. Some of the type If fibres 
—* be neural lobe fibres, 


In the neural lobe of the amphibian species (toads and frogs) the ependymal 
component is not so well developed. The small number of ependymal cells are 
connected to a few subependymal capillaries. Highly developed system of tubules 
—— dense mitochondria have been noted in these —— cells. 
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In the amphibians granules of 150-180nm in diameter carry arginine vaso- 
tocın (AVT). Granules of 130nm store mesotocin, Pale granules of 250nm 
could be observed by Rodriguez(1971) but its nature could not be ascertained. 
Rodriguez(1970) stressed the possible importance of an interrelationship between 
the CSF and neural lobe blood through the ependyma. 


, Jorgensen, Rosenkilde and Wingstrand(1969) studied the role of preoptico- 
neurohypophysial system in the water economy of the toad Bufo hufo L, 
The effect of neurohypophysectomy or of lesions in the preoptic region of the 
hypothalamus on water balance was studied in the toad. There were few or no 
surviving cells in the preoptic nuclei of the lesion-bearing toads and the nsm in 
the pars nervosa was completely reduced or totally absent. The operations had 
little effect on the antidiuretic response to moderate dehydration or on the 
increased cutaneous water permeability caused by severe dehydration. No correla- 
tion between the response to dehydration and the completeness of elimination of 
the preopticoneurohypophysial system could be observed. An attempt was made 
by the authors to delineate the role played by the preopticoneurohy pophysial 
system in the water economy of the toad. “It seems that the antidiuretic response 
to an osmotic load and an increased permeability of the urinary bladder to water 
may largely depend on a functioning preopticoneurohypophysial system. In the 
absence of the neurohypophysis the system appears unable to exert its functions 
in the water economy of the toad”, 


Morphological cell types of the amphibian 
pars distalis 


van Oordt(1963) reviewed earlier works and came to the conclusion that in 
anurans and urodeles there are five cell types in the pars distalis. Cordier( 1953) 
found one cell type which was carminophilic, orangeophilic, and PAS-negative 
and two types of PAS-positive cells in the pituitary of Xenopus. One type of 
PAS-positive cell had cyanophilic inclusions and they were located in the centro- 
ventral area of the pars distalis in small groups. The other PAS-positive cells 
were also orangeG-positive and evenly distributed. Cordier and Herlant( 1957) 
further extended their studies by other histochemical methods. Saxen er al.(1957) 
also noted three cell types. A third PAS-positive cell was found by van Oordt 
(1961) in the rostral tip of the distal lobe. The chromophobic cells in this area 
had fine granules which were weakly PAS-positive and orangeG-positive, Four 
cell types were described by Guardabassi and Blanchi(1962) and Srebro( 1964) in 


the pituitary of Xenopus laevis. Doerr-Schott(1965) identified one acidophil cell 
three types of basophils, In Aenopus laevis Kerr(1965) described five 
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Acidophils typel(Al) +: The cells in Xenopus are large and well granulated. 
They stain with orange G, erythrosine and Luxol fast blue. They are PAS, 
AB, AF-negative. These cells are distributed in different parts of the gland but 
maximum number of them have been noted in the rostro-central area (Kerr,1965). 
In Rana and Bufo these cells are found to be scattered (van Oordt,1968). The 
Al cells were found to be erythrosinophilic in Rana femporaria and Rana esculenta 
by van Oordt, van Dongen and Lofts(1968) and Rastogi and Chieffi(1970), In 
Bufo vulgaris L, Al cells are erythrosinophilie and carminophilic(Zuber-Vozeli, 
1953; van Oordt,1966 : Mira-Moser, 1969), Ortman(1961) found Al cells in 
Kuna pipiens to be orangeG-positive. These cells are PAS-negative. van Keme- 
nade (1969) found these cells to be weakly lead haematoxylin-positive, 


Al cells are carminophilic in Necrurus and orangeG-posilive in Triturus 
marmoratus, T. cristatus, T. viridescens, Taricha torosa, and Pleurodeles walilij 
(Pasteels,1960 ; Dent, 1961 : Doerr-Schott,1966: Mazzi er al.,1966; Doerr-Schott, 
1968). 


Gabe(1972) noted a single acidophil in the apodan Jchihyophis glutinosus. 


Ultrastructurally Al cells had granules varying from 200 to 500nm in diameter 
in anurans and 250-550nm in diameter in urodeles( Doerr-Schott,1968,1971 ; Clauss 
and Doerr-Schott,1970), 


Acidophils type2 (A2): These cells are densely granulated, A2 cells in 
Xenopus are smaller than the Al cells. A2 cells have slight affinity for PAS. In 
Herlant's AB-PAS-orangeG the acidophils typel are yellow but the A2 cells 
are light brown or orange in colour. A2 cells are concentrated in dorso-caudal 
part of the pars distalis and seen to be scattered throughout the entire caudal 
part, In R. temporaria A2 cells are lead haematoxylin-positive (van Kemenade, 
1969). They may be transiormed into chromophobes (Kerr,1965). 


Acidophils type2 can more easily be distinguished in butonids than in 
Xenopus. They are situated in groups of medium sized Orangeophilic and 
faintly PAS-positive cells lining the blood vessels in the dorsocaudal part of the 
pars distalis (Zuber-Vogeli,1953; van Oordt,1966; Doerr-Schott, 1968; Mira- 
Moser,1969). In the viviparous toad, Nectophrynoides occidentalis these cells are 
found in groups forming palisades along capillaries in the dorsocaudal part ol 
Ihe pars distalis, They are erythrosinophilic and are found only during the first 
part of gestation (Zuber-Vogeli,1968). These cells may even be absent in part 
ot the year, 


Two types of acidophils have been reported in the urodelan adenohypophysis 
by most authors. Dorsocaudally located A2 cells are well developed. This 
resembles what has been observed in Bufo. Pasteels(1957, 1960) observed first 
a definite PAS-positivity in A2 cells. Mazzi ei al,(1966) visualized five morpho- 
logical cell types having same distribution pattern as in anurans in Tir&urus cris- 


u 


tatus carnifex using more modern methods. Doerr-Schott(1968) found A2 cells 


to be erythrosinophilic and arranged like a palisade around capillaries in 7, riturus 
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marmoratus, A2 cells of other urodeles are carminophilic and erythrosinophilic 
(Pasteels, 1960 , Doerr-Schott,1966, 1968). 


Ultrastructurally the granules in A2 cells are 100-300nm in diameter in 
anurans and 100-250nm in urodeles (Doerr-Schott,1966, 1968, 1971: Clauss and 
Doerr-Schoit, 1970), 


Basophils typel (Bl): These cells are large, often vacuolated with very 
strong cyanophilic, PAS, AB, and AF-positive granules, They are orange 
G-negative and found in small groups in the centroventral region of the pars 
distalis of Xenopus. Bl cells in bufonids are relatively small and often only a 
tew isolated cells or small groups of them can be observed in the centroventral 
part or elsewhere in the gland (van Oordi,1968). Four morphological cell types 
could be found in the common frog, Kana temporaria by van Oordt(1961, 1962, 
1963) and Doerr-Schott(1963). These four cell types resemble Al, BI, B2, B3 
cells of Xenopus and Bufo. Purely cyanophilic Bi cells without any OG-positive 
inclusion in adult frogs are difficult to find out. Small Bl cells could be found 
scattered in the pars distalis and their concentration in the centre of the lobe is 
uncertain (Ortman,!961; van Oordt,1968; Rastogi and Chieffi,1970). Zuber- 
Vogeli(1968) found the B1 cells to be scattered in the pars distalis of Nedrophry- 
noides, 


In normal untreated newts Bl cells are very difficult to find out. This is 
because of their close resemblance to B2 cells without orange inclusions and also 
because they are very weakly chromophilic. Mazzi er al.(1966) found that BI 
cells of Zriturus eristatus carnifex could easily be recognised and were plenty in 
number after thyroidectomy. In Trifurus oristatus carnifex, Salamandra atra and 
T. viridescens Bl cells can be easily recognised only at metamorphosis and after 
thyroidectomy (Copeland,1943; and Dent, 1961). 


Gabe(1972) identified typical BI cells in Ichrhyophis. 


Ultrastructurally, these Bi cells had spherical or elongated granules. The 
size-range-distribution was 120-500nm in anurans (Doerr-Schott,1968 ; Clauss and 
Doerr-Schott,1970; and Mira-Moser,1970). In the urodele Triturus (Notoph- 
thalmus) viridescens Cardell(1964) and Dent and Gupta(1967) noted the BI 
granules to be 180-250nm in diameter, 
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The B2 cells in bufonids contain finer and larger granules and globules. r: 
They not only stain with PAS and AB but are also orangeophilic, azocarminophilic 
and azofuchsinophilic. Most of the smaller granules are exclusively cyanophilic 
(van Oordt, 1968). 


In Rana temporaria two types of inclusions have been noted in B2 cells after 
staining with trichrome methods (classical). They may be small cyanophilic gra- 
nules or smaller and larger orangeophilic elements. Majority of them are stainable 
with PAS, Gabe's AF, and Herlant’s AB. Some of the larger, orangeoplilic 
globules are AF and AB-negative. Varying quantity of orangeophilic granules 
and globules is noted. It is difficult to distinguish between Bl and B2 cells in 
pituitaries where B2 cells are predominantly cyanophilic (van Oordt, 1968). 


Acid phosphatase was present in large granules and sometimes in smaller 
gtanules of B2 cells of R. temporaria and pujo bujo by using cytochemical tech- 
niques adapted for EM (Doerr-Schott). Other granules large or small did not 
contain acid phosphatase. She theretore thought that B2 cells produce two types 
of granules. One type is secretory granule and the other type is lysosome, 
Kiecken, Nunn, Wachtler and Pearse( 1965) observed acid phospnatase in B2 cells 
ot Triturus cristatus carnılex. Acid phosphatase was not contained in other cell 
types, smaller granules and organelles in B2 cells. Lhe globules containing 
acid phosphatase are lysosomes. Wachtler and Pearse( 1966) tound five lysosomal 
enzymes in the large spherical granules of B2 cells in Salamandra $, salamandra 
and in Triturus cr. cristatus. These acid hydrolases were acid-phosphatase, ß-gluco- 
sanunidase,ß-glucuronidase, sulphatase and b600-resistant esterases. Holmes and 
Ball(1974) stated that the globules resemble the R granules of teleostean gonado- 
trophs and they are apparently lytic bodies like the R granules. 


van Oordi(1961) thought that B2 cells of Rana esculenta are same as in 
Rana temporaria regarding the granules and globules. Ramaswami( 1962) observed « 
same four cell types in Rana cyanoplilyctus. Interpretation in Rana pipiens is 
difficult. Ortman(1956, 1960, 1961) described five cell types and undifferentiated 
chromophobes. The OG cells and purple cells correspond to Al and B3 res- 
pectively, The AF cells and the aniline blue cells wih numerous red granules 
together form B2 cells. Aniline blue cells with few or no ved granules partly 
correspond to Bl and partly to B2 cells (van Oordt,1968). 


In Triturus vulgaris (Koscielski, 1956), Triturus viridescens (Dent,1961) and 
Triturus marmoratus (Doerr-Schott, 1965, 1966) Bl and B2 cells could not be 
differentiated into two different cell types. 


In the apodan /chthyophis B2 cells are situated in the lateral pars distalis, 


Ultrastructurally B2 cells of Rana, Bufo and Xenopus contained polymorphous 
granules and globules of moderate electron density. Their diameter varied from 
100 to 900nm (Doerr-Schott, 1962-1966). In T. marmorarus and T. cristatus B2 . 
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osmiophilic formations containing entwined bundles of parallel tubules, Cardell 
(1963, 1964) observed that B2 cells in Triturus viridescens contained small irregular 
granules 120 to 320nm and large irregular globules of 2,000nm in diameter. Doerr- 
Schott(1966) noted similar structures in B2 cells of T, vulgaris (van Oordt,1968). 


Basophils type3 (B3): In Xenopus these cells are small, cubical or elongated 
having fine PAS and orange G-positive granules. These basophils are AB- 
negative, The granules are AF-positive (Halmi’s procedure). Trichrome methods 
impart a greyish blue or lavender blue colour. There are two characteristics of 
B3 cells, (a) They are concentrated in a crescent-shaped zone round the rostral 
border of the pars distalis; (b) These cells are associated with blood vessels 
entering the anterior third of the distal lobe from the median eminence (Kerr.1965). 
van Oordt(1968) said that in bufonids the B3 cells are not concentrated in the 
anterior process but they line the blood vessels coming from the median eminence 
and entering into the pars distalis. B3 cells are concentrated in the rostroventral 
region and small groups may occur in the central area and other parts of the gland. 
Holmes and Ball(1974) said that B3 cells are essentially amphiphilic Typical 
B3 cells are PAS, AF (without strong oxidation) and aniline blue-positive on 
the one hand and on the other hand they are more or less stainable with orange G, 
azocarmine, acid fuchsin and others. B3 cells have been noted in Rana temporaria, 
R. pipiens and R. cyanophlyctis by Ortman(1961) and van Oordt(1968). In 
Rana esculenta B3 cells behave like acidophils( Dupont,1967, 1968; Dupont and 
Peltier, 1970) and they have been termed so. These cells are faintly PAS+ and 
strongly orangeG-positive and erythrosinophilic. They are orange with PAS-OG 
and red after Herlant's Alizarin blue tetrachrome. They have some affinity for 
Alizarian blue and after Herlant’s Alizarin blue they look purple-violet. Dupont 
(1971) found these cells in pituitary grafts to have less affinity for orangeG and 
are more strongly PAS-positive. 


B3 cells have strong affinity for MacConail’s lead haematoxylin (van Oordt, 
1968; van Kemenade,1969). 


B3 cells have been noted in the pars distalis of Pleurodeles walilii (Pasteels, 
1957, 1960), Salamandra salamandra taeniata (Joly,1959) and in Salamandra atra 
(Mazzi et al.,1966). 


The basophils twpe3 of Triturus cristatus carnifex are strongly AF+ in 
unoxidized or oxidized sections (van Oordt,1968). Similar reaction was noted by 
Doerr tt(1966) in T. marmorarıs. In Salamandra atra (Mazzi et al.,1966) the 
B3 ‘cells a are less chromophilic. In Necrurus the B3 cells are extended more laterally 
and caudally in comparison to other amphibians, They are situated lining the 
sinusoidal blood “spaces (Aplington,1942, 1962) and are PAS + and AF-positive 
VER — Aion with — solution). They are purple after Masson's 
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chthyophis B3 cells are situated rostrally, The cells are 
Herlan's Alain blue tetrachrome; strongly PAS-positive and 
m pare oxidation (Gabe,1972). 
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Ultrastructurally B3 cells have small secretory granules of variable electron 
density. They are 100-200nm in diameter in R. remporaria and Bufo bufo, 100- 
220nm in Xenopus, 130-240om in Bombina variegata, 150-300nm in Triturus 
marmorafus (Doerr-Schott,1968; Clauss and Doerr-Schott,1970). 


Protein-bound sulphydryl (SH) and disulphide (SS) groups are found only 
in the acidophils and lysosomal bodies of B2 cells (van Oordt.1968 ; Cordier and 
Herlant,1957; Gabe,1958; Goos ef al.,1966: Pasteels.1960).. Other histoche- 
mical reactions have been dealt with very nicely by van Oordt(1968). 


Srellate cells: Holmes and Ball(1974) discussed in detail’ about this cell 
type in different vertebrates. These Virtually agranular cells are situated also in 
the pars distalis of amphibians.’ They häve long fine processes which pass between á 
and contact with the endocrine cells. The cells are linked to each other and 
to the endocrine cells by desmosomes. The processes of the stellate cells are 
connected with the connective tissue capsule of the pars distalis and also form 

peend-feet against the outer basal membrane of pericapillary spaces in the gland 
(Cardell,1964, 1969: Masur,1969; Bunt, 1969; Compher and Dent,1970), Holmes 
and- Ball state that their function “is not definite in amphibians; Dent and 
Gupta(1967) observed that these cells appear first in the young larva of Triturus 
viridescens and they increase in number and the processes become longer during 
metamorphosis and terrestrial life, Sustentacular function was however attributed 
to this cell system by Cardell(1969); There are large fenestrations at frequent 
intervals. Chromophilic cells contact each other ‘through these fenestrations. 
Holmes and’ Ball state that it is not ‘likely that they are secretory as they have 
little RER, a small Golgi complex and few granules. A transport function to 
this cell system has however been attributed in vertebrates’ by Vila-Porcile (1972) 
and it has a role in the transport of material befeen blood vessels and endo- 
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Cell types in pars tuberalis and pars intermedia | 


In anurans and urodeles the pars tuberalis consists of small, poorly differen- 
tiated cells with little, weakly cyanophilic and PAS + —— Secretory granules 
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granules (anura, 100 to 300nm; urodela, 185 to 230nm; birds, 100 to 300nm: 
rat, 100-150nm; rabbit, LOOnm: and rhesus monkey, 150-350nm). These have 
been represented by Fitzgerald(1979) in a tabular manner with references. The 
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table also contains changes with sex, age, and season, immunocytochemistry, con- 
nections with tanycytes, and changes with hypophysectomy or castration. The 
findings that pars tuberalis cells contain plenty of secretory granules, the peculiarity 
of the vascularity of the part, presence of LH, FSH and TSH, seasonal ultrastruc- 
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tural changes, connections between PT cells and tanycytes, and certain other 
findings led Fitzgerald to think that this part of the pituitary gland is no more a 
nonfunctional lobe as was thought before. “PT may direct and regulate the func- 
tion of the pars distalis or some other target organ." 


Pars intermedia has one cell type, These are spherical or irregularly cuboidal 
and the nucleus is situated centrally, Cells lining blood capillaries look more 
elongated. The nuclei in these cells are situated in the basal part of the cell. 
The floccular cytoplasm has fine granules which are evenly distributed. In the frogs 
(Oreman,1954, 1956; H. Legait, 1964), Xenopus laevis (Srebro, 1964), Salamandra 
silamandra raeniata (Joly,1959), and Triturus viridescens (Dent,1961) these 
granules are weakly PAS+ and less frequently they are strongly PAS+. Part of 
the PAS-positivity is due to glycogen in the cells and partly to the presence of 
mucoproteins and mucopolysaccharides (van Oordt,1968). The granules are 
AF-positive after pretreatment with acid permanganate (Mazzi,1954,1959; Joly, 
1959) and also when strong oxidation is omitted (Miller and Robbins, 1955; 
Ortman.1956; Mazzi, 1959; Dent, 1961; Ortman er al.,1966). The pars inter- 
media cells are lead haematoxylin-positive in Xenopus iaevis and Bufo bufo 
(Mazzı,1959). Cytochemistry of the intermedia cells has been discussed in details 
by van Oordt(1968). In addition to small granules there are also few large 
granules and vesicles of different size with a maximum diameter of 4.6 to 5,5 
(Ortman, 1956). These vesicles are found to be accumulated between the cells 
which border the transverse vein of the intermediate lobe. They are commonly 
noted during strong secretory activity and contain mucoproteins, mucopolysaccha- 
rides, amino acids(tyrosine, tryptophan, arginine and cystine), lipids and phospho- 
lipids(van Oordt,1968). They are AF-negative. 


Weakly basophilic pars intermedia cells of Necturus maculosus can be trans- 
formed into fine granular erythrosinophilic cells (Aplington,1942). In Triturus 
some A2 cells were observed in the pars intermedia. Two cell types(one dark 
and another lient) were noted in Xenopus laevis and Bufo bufo by Mazzi( 1959). 
Light cells are weakly PAS, AF, and lead haematoxylin-positive and are con- 
centrated at the periphery of the narrow medial part of the lobe. The dark cells 
are smaller and strongly PAS, AF and lead haematoxylin-positive and are located 
in the wide lateral parts of the lobe and the centre of the medial part(van Oordt, 
1968) 


Ultrastructural study of the pars intermedia of Bufo arenarum was conducted 
by iturriza(1964), Three cell types could be distinguished by their specific 
locations, It may be that these cells represent different stages of activity of a 
single cell type as intermediate stages could be found (Doerr-Schott,1968) ; Hop- 
kins, 1970; Doerr-Schott and Follenius,1970), Saland(1968) studied the pars inter- 
media of the bullfrog (Rana catesbeiana) and Rana pipiens in varying conditions 
of background adaptation. Constant number of membranebound granules (2000 
es and densities were found in the predominant cell type 
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transitional stages between light and dark adaptation shows striking whorl formation 
and expansion of cisternae. Plenty of dense, membrane-bound granules are 
associated with the Golgi region in these specimens Glands from dark-adapted 
and transitional bullfrogs have many large(1-2 microns) dense droplets within ER 
cisterns, These are infrequently seen in dark-adapted Rana pipiens. The may 
be some form of polypeptide precursor to MSH. Increased protein synthesis in 
dark-adapted animals occurs when compared to the light-adapted ones. In each 
case there were nerve fibres and synaptic terminals having small, clear vesicles 
(200-3004) and some dense core vesicles (600-1000A) could be found through- 
out the pars intermedia. Evidences suggest that catecholamine mediated hypo- 
thalamic control for the pars intermedia exists. Neural inhibition fiom the brain 
first occurs at the level of hormone release and the control of synthesis is mediated 
by a feedback mechanism activated by amounts of hormone stored in the gland. 


Stellate cells are found also in the pars intermedia (Hopkins,1970; Nakai 
and Gorbman,!%69; Doerr-Schott and Follenius,1970) (fig. 12.4). Glia-like 
supporting celis are found along the nerve fibres throughout the pars intermedia 
(Saland,1968 ; Hopkins,1971). 


MSH is present in the membrane-bound granules which may be secreted by 
exocytosis (Hopkins,1970). Weatherhead and Whur(1972) did not find all MSH 
to be contained in granules. The hormone may be associated with globular bedies 
within expansions of RER. This is a reserve store of the hormone (Doerr-Schott 
and Follenius,1970) or Castell(1972) thought it to be a stage for rapid reloase. 
“The minor localization of fluorescent antibody to 81-24 ACTH in the pars 
intermedia cells of several amphibians presumably reflects the structural overlap 
between ACTH and MSH (Doerr-Schott and Dubois, 1970, 1972). Antibodies to 
a and §-MSH localize specifically in the pars intermedia cells in various amphi- 
bians (Doerr-Schott and Dubois, 1972)"—(Holmes and Ball, 1974). 


Functional cell types 


“Practically all publications dealing with the functional cell types in the 
adenohypophysis of Amphibia are based on the principle of parallel changes in the 
pituitary and its target organs’’—(van Oordt, 1968). 


Prolactin (LTH) 


LTH is involved in the control of larval growth and detection of the same is 
by bioassay of the pituitary glands of anurans and urodeles (Bern and Nicoll, 1958 ; 
Nicoll and Nichols,1971; Sage and Bern,1972), Nicoll(1971) found in vitro 
secretion of LTH by pituitary glands. Of the acidophils only Al cells are present 
in larval R. pipiens (Ortman and Etkin,1963). Etkin and song alta been 

roliferation of acidophils in pars distalis of Rana pipiens larvae grafted in 
— naan time there a acceleration of the larval growth (Etkin and 
Lehrer,1960). Berman er al.(1964) and Nicoll er al.(1965) found that in Rona 
catesbeiana larval body weight and tail length cannot be accelerated by 
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mammalian STH, but mammalian LTH has this effect. STH could only stimulate 
the growth of the lez. Remy and Bounhiol( 1966) observed giant Alytes ohsteiri- 
cuns larvie by injecting bovine STH, LTH or both into hypophysectomized animals 









From Ts —— coe 
and D? * Toast 


J toroo ir Alibi 
lated to mammalian STH and LTH" (van 


of a stellate cell.— 
ashi 





: 
‘ 
¢ 
: 
2 
g 


+ 





THE PITUITARY GLAND IN AMPHIBIA 261 


Two types of acidophils are present in metamorphosed amphibians. In the 
tadpoles there is only one type of acidophil. Kerr(1966) thought that in Xenopus 
laevis acidophils in larvae dedifferentiate at metamorphic climax and become 
morphologically and functionally different after metamorphosis. van Oordt(1066) 
considered that larval acidophils might be identical with the dorsocaudal acido- 
phils type2 of the adult and they would be the source of LTH-like principle 
found in the pituitary of Necturus maculosus by Nicoll(1965) and Nicoll er al 
(1966) and in the pituitary of Rana temporaria and Rana esculenta by A. Chad- 
wick(1966) Copeland (1943) noted hypertrophy of cells resembling Al in 
Triturus viridescens during the migration of red efts to water, This process is 
controlled by LTH(C. S. Chadwick,1941 ; Grant and Grant,1958). 


With immunofluorescence technique Moriceau-Hay er al.(1979) could detect 
positive reactions to anti-LTH and anti-STH sera (prolactin and STH cells) in 
the pituitary of tadpole of Xenopus laevis D. In stage 42 positive reactions have 
been noted with -anti-LTH sera and in stage 44 positive reactions have been 
obtained with anti-STH sera. 


Ventral orangeophilic cells in the pituitary gland of Pleurodeles kept in a 
saline solution for 15 days appeared less active, dorsal erythrosinophilic cells 
enlarged and the intermediate lobe seemed to be less active than in freshwater 
animals (Olivereau er al., 1977): Prolactin secretion is reduced in a saline 
environment. Somatotrophs and melanocorticotrophs are situated in locations as 
previously described using cytoimmunological data. The structure of the thyroid 
gland suggests increased raged in saline solution which may facilitate osmotic 
adaptation. 


Actions of prolactin related. to lc in amphibians are : water-drive 
(prior to reproduction), secretion of oviducal jelly, spermatogenic and/or anti- 
spermatogenic, and stimulation of cloacal gland development (Nicoll,1974). 
Actions. of prolactin on specific target cells or tissues have been summarized by 
Nicoll(1974) : tail and gill growth, limb regeneration, proliferation of melano- 
cytes, structural changes accompanying water-drive, brain growth in tadpoles, 
spermatogenic, cloacal gland development and ultimobranchial stimulation. Pro- 
lactin acts on integumentary (ectodermal) structures in amphibians(Nicoll,1974) : 
skin changes associated with water-drive, proliferation. of melanophores, effects 

n toad bladder,.and skin yellowing in frogs. Further actions involving synergism 
vith steroid hormones or on organs also influenced by steroids are : stimulation 
viduca td — (estrogens and progestins), Na* transport across anuran 

a ak ildi osterone), water-drive structural changes (sex steroids), spermato- 
„and cloacal gland deyslopmeat (androgens) (Nicoll,1974). 
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1957, 1960; van Oordt,1963, 1966; Kerr,1966), Ortman(1961) and Ortman and 
Etkin(1963) found in Rana pipiens the Al cells (LTH) to be present in the larva 
and the A2 cells to appear only after metamorphosis. This indicates that A2 cells 
are the source of STH. This is also proved in other anurans where A2 cells 
appear later after metamorphosis (van Oordt,1966; Kerr,1966; Zuber-Vogeli and 
Bihoues-Louis,1971). These observations speak in favour of A2 cells being the 
source of adult STH at least. Holmes and Ball(1974) said that as Al cells are 
the source of LTH in urodeles, A2 cells most probably secrete STH. However, 
separate existence of LTH and STH in urodeles cannot be definitely stated at 
present, 


Thyrotrophin, Thyroid stimulating hormone (TSH) 


BI cells secrete TSH and B3 cells secrete ACTH. Grobstein(1938) observed 
degranulation and vacuolization in certain basophils in Triturus torosus after 
thyroidectomy, D’Angelo(1941) found a close correlation between the develop- 
ment and the activity of pituitary basophils and thyroids in larvae of Rana pipiens, 
Rana sylvarica, and Rana palustris, TSH secretion by basophils was also noted 
by Joel er al.(1949), Rugh(1953) and Cardell(1964). In Triturus Dent(1956, 
1961) and Mazzi (1949, 1958) considered B3 cells as the source of TSH. Aplington 
(1962) ascribed B3 cells as the source of TSH secretion. 


In Rana pipiens rostral half of the adenohypophysis does not contain more 
TSH than the caudal half and there are many indications to show that BI cells 
are the source of TSH and not the B3 cells (Ortman and Lannen, 1963 ; Ortman, 
1965; van Oordt,1968). A correlation was found by Gasche(1946) between the 
activity of Bl cells and the thyroids in normal larvae during metamorphosis and 
in thyroidectomized and goitrogen treated animals. These findings were confirmed 
by Cordier(1953), Cordier and Herlant(1957), Saxen et al.(1957), Guardabassi 
(1961) and Goos and van Oordt(1967). Methylthiouracil in adult Xenopus led 
to hypertrophy of Bl cells (Guardabassi and Blanchi,1962). Kerr(1965) observed 
degranulation, vacuolization and enlargement of BI cells when thyroid function 
was blocked int adult Xenopus and these cells reduced in number on injection of 
thyroxine. Kerr(1966) thought that the activity of BI cells correlated with the 
thyroid function in Xenopus larvae and B3 cells appeared shortly before meta- 
morphic climax when gonad development starts. Similar observations were made 
by Pasteels(1954,1957) in Pleurodeles waltlii, Joly(1959) in Salamandra salamandra 
taeniata and van Oordt(1966) in Bufo bujo. On severance of the connexion 
between the hypothalamus and the adenohypophysis of larval and adult Pleuro- 
deles walrlii there was atrophy of the thyroids and reduction of BI cells (Pasteels, 
1954,1957,1960). Mazzi er al.(1966) finally concluded that hypertrophy of BI 
cells occurred after thyroidectomy or thiouracil treatment and BI cells should be 
considered as the source of TSH. 
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Schultheiss(1979) observed maintenance of growth and thyroid-stimulating 
properties of ectopic pituitaries in the Mexican axolotl (Ambystoma mexicanum). 


Bullfrog LH acts as a Aeterothyrotrophin in a heterologous species (MacKenzie 
et al,,1978). The authors found evidence “that the thyrotrophin-receptor complex 
in the Reptilia has undergone extensive independent evolution such that its thyroid 
receptor preference responds to the LH rather than to the TSH from another class.” 
The authors isolated TSH from the pituitary of the bullfrog (Rana catesbeiana) 
and the hormone could stimulate thyroid function in the homologous species 
Bullfrog LH and FSH had little effect on the bullfrog thyroid, In heterologous 
species (turtle and lizard) bullfrog LH was most potent thyrotrophic factor, 
whereas, bullfrog TSH and FSH had little activity. 


Corticotrophin (ACTH) 


Basophils type3 were considered previously to secrete LH or [CSH-like 
hormone (Pasteels,1957, 1960; van Oordt,1961; van Oordt and Lofts,1963; 
van Oordt,1963, 1965; van Dongen er al.,1966; Kerr,1965; Mazzi er al.,1966). 
Amphibian pituitary secretes only a single gonadotrophin. 


ACTH cells in the anuran pars distalis are B3 cells (van Kemenade,1969, 
1971; Larsen et al.1971). Metyrapone or aldactone stimulates B3 cells. The 
rostral half of the pars distalis containing B3 cells had ACTH activity. In Xenopus 
B3 cells were similarly distributed and ACTH activity was similar to that found 
in Rana (Peter Evennett and Lis Olesen Larsen—from Jorgensen, 1976). Jorgensen 
(1976) reviewed the subject exhaustively, 


_ Doerr-Schott and Dubois(1972) identified ACTH cells in different amphibians 
by immunofluorescence techniques. Fluorescence antibody against (1-24 cortico- 
trophin accumulated in B3 cells and to some extent in the pars intermedia cells 
of Triturus marmoratus, Rana temporaria, R. esculenta, B. bujo and X. laevis. 


B3 cells in frogs, toads and newts are concentrated in the rostral pars distalis 
along the capillaries of the secondary plexus of the hypophysial portal 
systems. These vessels determine the pattem of distribution of B3 cells 
van Dongen er al.(1966) extirpated the pars distalis of Bufo bufo and regrafted 
it under the median eminence, wrongly oriented. After two months the B3 cells 
were seen to be normally distributed i.e. in the now-rostral part of the pars distalis 
into which the portal vessels enter. Similar redistribution of basophils were noted 
by Pasteels(1960) when the pars distalis was rotated through 180°. 


. ‘Brands, Hansen and Jorgensen (from Jorgensen, 1976) studied the redistribu- 
tion of basophils in the orthotopic autografted pars distalis of Bufo bufo. The 
gland was cut into a rostroventral part having majority of B3 cells and into a 
—— The rostroventral part was rejected and the caudodorsal 
part w ‚under the median eminence. Secretion of ACTH was evidenced 
by normal moulting and survival of the graft-bearing toads Plenty of B3 cells 
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appeared in the grafts. Maximum concentration of these cells were in that part 
where the portal vessels regenerated and entered into the graft. The authors 
suggest, “Presumably, a humoral gradient within the hypothalamic-hypophysial 
portal circulation determines the differentiation of the basophils} within the pars 
distalis of the toad.” 


Similar experiment conducted by Roy (unpublished observation) in Bufo 
melanostictus confirmed the previous findings und B3 cells were oriented maximally 
in that part of the caudodorsal graft where the portal vessels entered after regene- 
ration, This procedure could maintain the plasma corticosteroid level to 
normalcy. 


Ultrastructural studies of the pars distalis were conducted by Doerr- 
Schott(1972) in adrenalectomized frogs (R. esculenta) (cauterization), Exami- 
nation was done 5-12 days after the operation, Adrenalectomy activated ACTH 
cells specifically and there was depletion of secretory granules with hypertrophic 
ergustoplasm and Golgi apparatus. 


Metyrapone treatment in the frog (Kana temporaria) led to cytological acti- 
vity of ACIH secreting cells and adrenal cells (van Kemenade,1969). Ihe drug 
inhibits hormone synthesis in the adrenocortical cells as noted in mammals and 
thus decreases the negative leedback inhibition of ACTH secretion, 


Stress increases plasma corticosteroids in the toad (B. melanostictus) 
(Roy,1960) and in the frog (R. temporaria) (Jurani er al.,1973), 


In vitro study of irog (Rana ridibunda Pallas) ınterrenal iuoction by use of 
a simplitied peritusion system was done by Delarue er al.(1979) to note the influ- 
ence of ACIH upon aldosterone production. Ambient temperature and circulat- 
ing levels of ACTH control aldosterone secretion, Aldosterone output is two 
umes higher than corticosterone output in frogs. Aldosterone-corticosterone ratio 
is even larger alter stimulation by high doses of ACTH. In the intermediate 
lobe of frog pituitary large concentrations of biologically active corticotrophin 
bave been noted. 


Vaudry er al.(1977) noted immunohistochemical changes in corticotrophs in 
the pituitary of Rana esculenta L after interrenalectomy and metopirone treat- 
ment. Fluorescent cells were situated (a) in the rostroventral part of the pars 
distalis around portal capillaries and (b) in almost all of the pars intermedia, 

| and ultimately on day 7 they disappeared. The drug 
alter 4 days they totally disappeared, The number of anti-ACTH binding cells 
the intermediate lobe was not changed. A polypeptide immunologically similar 

ian ACTH is secreted by both the pars distalis and pars intermedia 
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Gonadotrophin 


Amphibian B2 cells secrete gonadotrophin. This has been reviewed by 
van Oordt(1968) and Holmes and Ball(1974). B2 cells are absent from the 
pituitary of larvae and they do not develop belore the starting of the gonadal 
maturation (van Oordt,1968), B2 cells show seasonal changes coinciding with 
the annual gametogenetic cycle (van Oordt,1968), Castration leads to hypertrophy 
and degranulation of B2 cells in Xenopus mulleri (Cordier,1953), Bufo bufo 
(Zuber-Vogeli,1953), Kuna temporaria (van Oordt,1961 ; Doerr-Schott,1963) and 
Triturus cristatus carnıjex (Ferreri and Peyrot,1962). Increase in the granulation 
of B2 cells in short term castration experiments with Xenopus laevis was observed 
by Kerr (1965) und B2 cells regressed after intraperitoneal implantation of 
testosterone pellet. With implantation of testosterone pellet in the dorsal lymph 
sacs of R. temporaria, van Oordt(1961) noted changes in B2 cells. 


Total gonadotrophic activity is found throughout the pars distalis as B2 cells 
are similarly distributed (van Kemenade,1972) (Bioassay of fragments of pars 
distalis of A. temporaria). 


B3 cells were thought to secrete LH previously (van Oordt, 1968) but as now 
it has been observed that B3 cells secrete ACTH, and so B2 cells secrete FSH 
and LH. It is possible that amphibians may produce only a single gonadotrophin 
(van Oordt and De Kort,1969). 


Fontaine and Burzawa-Gerard(1977) discussed the evolution of thyrotrophic 
(TSH) and gonadotrophic (GTH) hormones. Ihe main hypotheses are: 
“A common ancestral molecule gave rise, by gemie duplication, to two subunits 
a and 8, The first hormone (z-%) was gonadotrophic but later had both functions 
(TSH and GTH). Duplication of @ then gave rise to B, (with gonadotrophic, 
LH-type, potentialities) and @. (with thyrotrophic potentialities). Finally the 
FSH (j-type subunit originated later from a duplication of Be. Along these lines, 
hormonal specializations and diversifications occurred, due to genic modifications 
and associated structural changes in both œ and ß subunits.” 


Daniels er al.(1977) conducted immunochemical studies on the pituitary 
gonadotrophins (FSH and LH) from the bullirog, Rana caresbeiuna. The anti- 
sera cross-reacted with the biologically active gonadotrophin molecules, FSH-like 
and LH-like activity in two gonadotrophic preparations could be separated trom 

iti tar ; of the leopard frog, Rana pipiens by Farmer er al. (1977). 


-Guha A Be (370) studied the effects of hypophysectomy on struc- 
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tiated testes 8 weeks after hypophysectomy, the trophic effects of HCG treatment 
could be distinguished. 


MSH 
Pars intermedia has mainly one cell type and it is the source of MSH as has 
been proved by assay methods and biochemical techniques. 


Central nervous control of 
adenohy pophysial functions 


Reviews in this field have been made by Jorgensen(1968, 1970, 1976), Dodd, 
Follett and Sharp(1971), and Holmes and Ball( 1974). 


Control of LTH secretion 


LTH takes part in normal reproduction in Triturus virulescens. It causes 
transformation from the terrestrial to the aquatic stage which happens before 
reproduction (Grant and Cooper,1965). Masur(1962) showed that ectopic trans- 
plantation of the pituitary in the terrestrial stage leads to the aquatic stage. “It 
appears that ectopic transplantation of the hypophysis induces the gland to secrete 
prolactin” Jorgensen(1968), Mazzi(1970) suggested that prolactin synthesis and 
secretion in the crested newt may be controlled by two factors: an inhibitory 
one (Prolactin inhibiting factor, PIF) and an activating one (Prolactin releasing 
factor, PRF). They are balanced and simultaneously produced by the hypotha- 
lamus. Release of PRF and PIF is thought to be controlled by temperature 
variations (Vellano ef al.,1968). Increased amount of LTH is secreted by the 
ectopically transplanted pars distalis in Bufo bufo (Mckeown,1972), 


Clemons er al.(1979) studied the effects of mammalian thyrotrophin releasing 
hormone (TRH) on prolactin secretion by bullfrog adenohypophyses in vitro in 
short-term incubation and 24-hr organ culture experiments. Prolactin in the 
medium or in the incubated tissue was measured by either polyacrylamide disc 
gel electrophoresis and densiometry or by a homologous radioimmunoassay. 
Prolactin release could be effectively achieved in vitro in concentrations of 10ng/ml 
to lOug/ml. Tissue prolactin content was found also to be increased. The authors 
concluded that TRH may function as a prolactin-releasing factor in the bullfrog, 

Neurons of nucleus preopticus and eo tracts of various 
amphibia contain somatostatin or growth hormone inhibiting factor (SRIF) 
(Doerr-Schott and Dubois, 1978). 


Kikuyama and Seki(1980) concluded that in ports Ag a AA | 
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Control of STH secretion 


Little is known about the control of STH. Adult Triturus cristatus grows 
more rapidly in the grafted than in the control animals (Peyrot,1966). Isolated 
urodele hypophysis produced normal amounts of growth hormone as evidenced 
by the normal growth rate of the animals (Jorgensen,1968). Similar penomenon 
was observed by Pasteels(1960) in adolescent and young adult individuals of 
Pteurodeles waltlii bearing ectopic transplants of the hypophysis. In the hypo- 
thalamectomized tadpoles of R. pipiens growth rate is normal (Hanaoka, 1967), 
Similar observation or even higher than normal growth rate has been obtained in 
this species with ectopic transplantation of the hypophysis(Etkin and Lehrer,1960; 
Etkin and Ortman,1960). Pehlemann (1962) observed normal growth rate in the 
tadpoles of Pelobates fuscus and Rana esculenta after ectopic hypophysial trans- 
plantation. Mckeown(1972) measured plasma STH levels by radioimmunoassay 
in Bufo bufo and showed that ectopically transplanted pars distalis secretes very 
little hormone. The inference is that STH secretion is under stimulatory hypo- 
thalamic control (Holmes and Ball, 1974). 


Control of TSH secretion 


Ectopic transplantation of the pars distalis strongly reduces TSH secretion 
as found out by the low rate of ™'I uptake by the thyroid gland (van Dongen 
et al,,1966). A number of observations on different urodeles show some degree 
of thyroid autonomy from the central nervous system (Mazzi,1970). Jorgensen 
(1968) reported normal moulting in Pleurodeles waltlii bearing a pituitary auto- 
graft. Similar observations have been made by Jorgensen and Larsen(1963) for 
metamorphosed Ambystoma mexicanum, by Schotte and Tallon (1960) and Dent 
(1966) for several Triturus species. Thyrotrophic cells in the autotransplanted 
pituitary show hypertrophy after thiouracil(Mazzi and Peyrot,1963). Moulting 
is not severely affected in the crested newt with chronic hypothalamic lesions 
(Mazzi,1958). Mazzi(1970) stated that in several urodele species uptake by 
animals bearing a heterotopic pituitary autograft is normal or almost normal as 
reported for Ambystoma mexicanum by Jorgensen(1968) and for Triturus viri- 
descens by Dent(1966) or even higher than in controls as reported for Triturus 
cristatus by Peyrot er al.(1966). 


Jorgensen( 1968) concluded, “The evidence thus indicates that in adult 
urodeles the isolated hypophysis is able to secrete TSH in amounts necessary to 
cover normal daily maintenance requirements. During the periods of high TSH 
requirements, at metamorphosis, the TSH secretion of the isolated pars distalis 
falls short of the requirements. In anurans(toad, frog), however, the isolated 
n> Sinne TERT at: low eles: both ie: darva! and adult life”, 
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the control of TSH secretion is complex and perhaps includes inhibitory as well 
as stimulatory nervous components (Rosenkilde, 1969). 


In the frog, Rana temporaria transections anterior and posterior to the optic 
chiasma had no significant effect on the thyroidal 1" uptake, and this was high 
in both the groups (Rosenkilde from Jorgensen, 1970). Moreover, in contrast to 
the toad, the transplanted pars distalis exhibits pronounced autonomous thyro- 
trophic activity. 


Voitkevitch(1961, 1962, 1965) observed that different anuran tadpoles do not 
metamorphose after extirpation of brain including telencephalon and preoptic 
region of the diencephalon in early stages, but tadpoles without telencephalon 
metamorphose normally, The author thinks that Gomori-positive neurons of the 
preoptic nucleus control the thyrotrophic function of the metamorphosing tadpoles. 
Weber(1965) attached similar importance to the magnocellular preoptic nucleus 
in the process of metamorphosis in Salamandra salamandra by brain cut 
experiments, 


Goos and van Oordt(1967) described pseudoisocyanine-positive cells in 
the preoptic nucleus of Xenopus laevis which control thyrotrophic function of 
the pars distalis during metamorphosis. These neurons were distinct from the 
AF-positive magnocellular neurons. From the beginning of premetamorphosis the 
pseudoisocyanine-positive material increases in the dorsal part of the preoptic 
nucleus, Propylthiouracil administration in tadpoles leads to hypertrophy of TSH 
cells and the dorsal cells of the preoptic nucleus loose pseudoisocyanine-positive 
material, 


The forebrain controls metamorphosis in Xenopus laevis. The removal of 
forebrain inhibited metamorphosis even when the diencephalon with the preopti- 
coneurohypophysial system was intact (Srebro,1962). 


Amphibian brain contains good amount of TRH (Reichlin,i974; Taurog 
et al,1974). Taurog ef al,(1974) could not find increase in TSH secretion by 
TRH acting on salamander Gr frog pituitaries (in vivo or in vitro). Jackson and 
Reichlin(1974) and Jackson(1978) found the hypothalamus of the rat, chicken, 
snake, frog, tadpole, and salmon to contain high concentrations of TRH. The 
level of TRH in amphibian hypothalamus was 3620 pg/mg tissue wet weight, 
The rat hypothalamus contained only 300 pg/me tissue. ‚Pituitary-thyroid func- 
— Fa D TAT bi spieta lower than aves. High concentrations 
— — hn ou ie ms tadpole and 









tin 
se values 5 
It is 5: 











THE PITUITARY GLAND IN AMPHIRIA 269 


anti-TRH. Extract of frog extrahypothalamic brain releases rat TSH in vivo. 
The increase is proportional to the ir-TRH (immunoreactive-TRH) content of 
the extract. The authors found ir-TRH in the circulation of Rana pipiens, It is 
chromatographically identical with native TRH and can release TSH in the rat 
(in vivo experiment), 


In frogs TRH may be involved in the hormonal control of salt and/or water 
balance during hibernation and therefore, serve an osmoregulatory function. 


Alteration in pineal and hypothalamic TRH produced by season, and the 
effect of illumination on pineal TRH content, support the view that TRH has a 
neuronal function in vertebrates, possibly as a neurotransmitter (Jackson er al.,1977). 


Amphibian metamorphosis 


Holmes and Ball(1974) summarized the observations of different authors 
including those of Etkin(1970). In amphibians there is hypothalamic stimulation 
for TSH secretion. For completion of metamorphosis TRF is probably always 
required. Low TSH secretion in the early larva is autonomous. In adult 
urodeles TSH secretion is mainly autonomous. In adult anurans TSH secretion 
generally depends on hypothalamic TRF. A hypothalamic inhibitory mechanism 
may also be present in, them. 


Etkin(1970) discussed the endocrine mechanism of amphibian metamorpho- 
sis. In anurans the metamorphic period has two distinct phases. There is rapid 
leg growth and’ certain other growth processes such as that of skin glands, in the 
first or prometamorphic period, In Rana pipiens this lasts for about 3 weeks at 
25°C. This is followed by a shorter period of one week, called metamorphic 
climax. During this period the tail and gills are resorbed and the feeding 
apparatus is transformed. The length of the larval period is very variable. 


Thyroid hormone (thyroxine, T, or triiodothyronine, Ta) induces the varied 
tissue changes. TSH controls the thyroid, Before metamorphosis thyroid activity 
was low and it-increases progressively during prometamorphosis to achieve an 
extremely high level at the beginning of climax. 


In the tadpoles of Rana temporaria the length of prometamorphosis is 
influenced by the following treatments; (1) thyroidectomy, (2) propylthiouracil, 


(3) 1-thyroxine, (4) low temperature. The fluorescent pars distalis fibres persist 
until climax in normally developing tadpoles. The fibres persist until climax 
even when the prometamorphosis is prolonged artificially, irrespective of the 


reason. The fibres disappear when- the prometamorphic period is artificially 
shortened or when a prolongation of prometamorphosis is interrupted by thyroxin 







ed climax (Stig Aronsson,1978), “Thus the disappearance of the aminergic 
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Norris et al.(1977) studied the thyroid function in pre- and postspawning 
neotenic tiger salamanders (Ambystoma tigrinum), The previously suggested 
antagonistic roles for thyroid hormones in larval amphibians with respect to 
spermatogenesis and follicular development have been supported by the observations 
of the authors. They observed a positive correlation between rising autumnal 
thyroxine levels and both spermiation and the later stages of follicle development, 


Hypothalamic thyrotrophin releasing factor (TRF) passes through the pitui- 
tary portal vessels and activates pituitary TSH production at metamorphosis. 
“The median eminence of the hypothalamus differentiates its vascular area during 
prometamorphosis producing a well defined portal cirgulation by the beginning of 
climax”. The development and activity of the median eminence cannot be a con- 
trolling authority for the starting of the metamorphosis but it is itself dependent 
upon the metamorphic stimulus. Maturation of TRF mechanism evidenced by 
the development of the vascular zone of the median eminence is stimulated by 
thyroid hormone. Thyroid activity is extremely low before metamorphosis. So 
it acts only imperceptibly on the tissues and the hypothalamus. This low level 
of activity acts in a positive feedback manner and starts prometamorphic change. 
In all species positive feedback build-up of the hypothalamic-pituitary-thyroid-axis 
occurs in prometamorphosis. “In this theory the metamorphic clock is turned on 
by the genetically-timed change in sensitivity in the hypothalamus. However, 
the rate at which the clock runs through metamorphosis is a function of the para- 
meters of the positive feedback system.”’—(Etkin,1970), 


Etkin and Gona(1974) stated that the metamorphic pattern depends upon a 
pattern of thyroid activity. In premetamorphosis no effective level of hormone 
secretion has been reached. In prometamorphosis the initial level is very low 
but rises during this period to a very high level at the beginning of climax. The 
build-up of thyroid activity begins at stave XI, 20-25 days before climax. Two 
metamorphic transformations occur in the common American newt. “The first 
changes the aquatic larva to a terrestrial form called the red eff. This meta- 
morphosis is comparable to anuran metamorphosis and, like that process, is 
induced by thyroid hormone. The second metamorphosis sends the eft back into 
an aquatic stage. This transformation can be induced by exogenous prolactin 
or simple pituitary transplantation.” Prolactin-thyroid antagonism has been found 
to occur at some levels and synergism at others. 


Prolactin-like hormone is the effective growth factor in tadpoles. This 
hormone inhibits the responsiveness of the tissues to T, both in vivo and in vitro. 
Prolactin acts as a powerful and non-toxic goitrogen at high levels. "As pituitary 
grafts act like prolactin injections, the prolactin-thyroid antagonism appears to 
be physiological and not pharmacological.” 

Enemar(1978) observed that for normal growth rate and stimulation of 
growth by growth-promoting hormone(s), adenohypophysis is necessary in tadpoles 
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Fractions were separated from pituitary glands of both larval and adult 
Rana catesbeiana by disc gel electrophoresis by Kikuyama er al, (1980). “Only 
a fast moving protein fraction had both a pronounced stimulating effect on the 
collagen synthesis in the tail fin of bullfrog tadpoles and a suppressive effect on 
T,-induced resorption of Bufo bufo japonicus tadpole tails in vitro.” Pigeon crop- 
sac test showed that this fraction had a pronounced prolactin activity and it was 
four times as potent as bovine prolactin in promoting collagen synthesis in the 
tadpole tail fin. 


Etkin(1970) thought that the tadpole stage of development in the frog is 
under the influence of prolactin. It is produced autonomously by the pituitary 
in absence of hypothalamic control. Stimulation of growth is caused by prolactin 
and prolactin counteracts any thyroid influence which is present. Stabilization 
in the larval stage by the tadpole is thus achieved. At the beginning of prometa- 
morphosis, hypothalamic mechanism is activated and thyroid hormone level is 
raised and this promotes metamorphosis. At the same time it cuts back on the 
action of prolactin and thus removes this brake to metamorphic change. It is 
not known whether the same hypothalamic factor activating pituitary-thyroid 
axis (TRF) also inhibits prolactin activity (PIF). 


“There are evolutionary changes in the sensitivity of target organs to endocrine 
messengers and the acquisition of tissue responses which are specialized parts of 
the animal's adaptation to environment.” 


Dodd(1970) while discussing the paper of Etkin remarked that they measured 
TSH in the pituitary glands of Xenopus tadpoles in later stages of metamorphosis 
and they found peak TSH content at about stage 61. The most active stage of 
the thyroid gland as measured by histology and radioiodine uptake is stage 63. 
At stage 61, TSH is released from the pituitary more actively than it is synthe- 
sized. At stage 63 metamorphosis is almost complete except the presence of 
the tail. Tail resorption requires more thyroxine than any other event in meta- 
morphosis, “Prolactin acts as a growth hormone in the completely metamor- 
phosed young adults as well as in tadpoles.” 


Etkin and Gona(1968) could not find induction of metamorphosis in an anuran 
by TRH. Gona and Gona(1974) had similar observation in a urodele. Sister 
Wright ef al.(1979) found that “prolactin antagonizes metamorphic changes of 
young tadpoles not generally considered to be at the thyroid-dependent stages of 





et al,(1979) studied the effect of prednisolone on the development 
a —* the antagonism of litoralon and prednisolone. Predni- 





—— nhanced the development of Rana arvalis Wolterstorffi larvae. Litoralon 


some respects the effects of litoralon and vitamin A. 
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Control of Gonadotrophin secretion 


This has been reviewed by Jorgensen(1968, 1970), Mazzi(1970), Vijayakumar, 
Jorgensen and Kjaer(1971), Dodd, Follett and Sh: ırp(1971), and Holmes and 
Ball(1974). 


Gonadotrophic centre 


Dierickx(1965, 1966, 1967) tried to localize the sonadotrophic centre by 
lesioning the base of the brain at various distances from the hypophysis in Rana 
temporaria. Line of section which was very close to the hypophysis inhibited 
the gonadotrophic function. Spermatogenesis and ovarian development was 
normal when the section passed just posterior to the optic chiasma. Tt left the 
middle and posterior hypothalamus intact and the anatomical relations to the 
hypophysis remained undamaged. When the level of section was between the 
optic chiasma and hypophysis, there was vitellogenesis and development of normal 
sized oocytes, but the ovaries were small. These experiments indicate the location 
of the gonadotrophic centre to be in the middle hypothalamus and it is of a diffuse 
nature (Jorgensen,1968). Dierickx(1965) thinks that the gonadotrophic centre 
is situated in the periventricular area of the pars ventralis of the tuber cinereum. 
Ovulation did not take place when the hypothalamus was sectioned just behind 
the optic chiasma in frog. For this purpose the preoptic nucleus is responsible. 
“At any rate the results indicate that the hypothalamic region involved in the 
control of gonadotrophic functions extends to the anterior region of the hypotha- 
lamus in the frog.”’—(Jorgensen,1968). 


According to Dierick’s hypothesis, higher centre controls the cyclical gona- 
dotrophic activity in female Anura. A tonic gonadotrophin regulating centre is 
situated in the hypothalamus (Alpert er al.1976). LHRH is localized in the 
neurons of the septal area of frog's brain (Rana pipiens and Rana catesbeiana). 
It controls the cyclic gonadotrophin activity. Doerr-Schott and Dubois(1975) 
identified the localization of luteinizing hormone releasing factor in the brain of 
Bufo vulgaris Laur. Peptidergic LHRH septo-infundibular pathway passes _ under- 
neath the preoptic recess or through the medial forebrain bundle, These fibres 
then course through the lateral infundibular hypothalamus and enter the median 
eminence from both sides. The tonic gonadotrophin OES EEE RER 
in the nucleus infundibularis. | 


From experiments of Mazzi er al.(1974) it is found that the newt brain contains 
mammalian LHRH-like substance. Mazzi(1978) observed the effects of — 
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Experiments reported by Callard er al.(1978) indicate that, “the conversion of 
androgen to estrogen and other neural metabolites by the brain is a primitive 
tetrapod characteristic and suggests that metabolism is an integral component of 
brain-steroid interactions which has been conserved during the evolution of 
vertebrates." 


Brain areas outside the infundibular region are also of importance 
in the control of normal gonadal function in the female toad (Bufo bufo) (Jorgen- 
sen,1968). The author found that the central nervous stimulation of hypophysial 
gonadotrophic activity that is necessary for interstitial cell activity (maintenance 
of thumb pads) may be exerted by the infundibular region of the hypothalamus 
in the male toad. 


Mazzi(1970) presented his observations in the crested newt (Triturus cristatus 
carnifex Laur), Development of spermatogenesis depends upon the integrity of the 
hypothalamo-hypophysial connections (Mazzi,1950, 1952: Mazzi and Peyrot, 1960, 
1963). Damage to the preoptic region and the hypothalamic floor, insertion of 
a barıier in the median eminence and thereby preventing the regeneration of 
hypothalamohypophysial tract and of the vessels coming from the hypothalamic 
floor, and heterotopic hypophysial autotransplantation, are all followed by a 
marked loss of weight of the testis and there is blackage of spermatogenesis. 
Reactivation of spermatogenesis in animals with hypothalamic lesion is possible 
only when there is regeneration of portal vessels. Spermatogenesis is not possible 

. with heterotopic pituitary autograft. Thus the vascular connections between the 
hypothalamus and the pituitary are very important. 


The regressive phenomena in the testes of crested newt having permanent 

hypothalamic lesions or pituitary autograft are due to suppression of synthesis or 

k release of gonadotrophin. FSH (B2) and LH (B3) cells are functionally inactive 
both at the optical and at the ultrastructural level. 


There is a thermosensitive centre in the hypothalamus which is responsible 
for thermo-pituitary-sexual-reflex, “The hypothalamic thermosensitive centres 
operate like endocrine transducers in which chemical messengers such as FSHRF 
and LHRF are elaborated and transferred to the hypophysis through the hypophy- 
sial portal system.” Production of Follicle-Stimulating Hormone Releasing Factor 
) is increased by high temperatures and inhibited by low ones, while the 
— true for Luteinizing Hormone Releasing Factor (LHRF). However, 

temperatures depress LHRF but do not inhibit it (Mazzi,1970). 


Jorge sen(1970) found that neurons which take their origin in the posterior 
mer on — chiasma and hypophysis can maintain normal 
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can be achieved by extracts of different areas of the brain of the same species 
and mammalian LHRH (Thornton and Geschwind,1974), Induction of sperm 
release in frogs could be done by mammalian gonadotrophin-releasing hormone 
(Licht,1974). Vellano er al.(1974) observed the effect of synthetic LHRH on 
ovulation in the crested newt. Mazzi er al.(1974) found gonadotrophin stimulation 
by chronic administration of synthetic LHRH in hypophysectomized pituitary 
grafted male newts. Alpert er al.(1976) localized LHRH in neurons in frog 
brain (Rana pipiens and Rana catesbeiana). LHRH-like system could be 
observed in the brain of Xenopus laevis Daud by immunohistochemical method 
(Doerr-Schott and Dubois, M.P., 1976). By immunofluorescence method LHRH 
has been localized in the forebrain and the neurohypophysis of the green frog, 
Rana esculenta L (Goos er al.,1976), King and Millar(1979) investigated hypo- 
thalamic LHRH content in relation to the seasonal reproductive cycles of Xenopus 
laevis. Hypothalamic ir-LHRH of the frog (Xenopus laevis) is indistinguishable 
from synthetic mammalian LHRH. Variation of hypothalamic LHRH was 
observed by the authors in relation to season and reproductive physiological state 
in the frog. In sexually quiscent frogs collected in the nonbreeding season (winter) 
hypothalamic LHRH content was low. In reproductively active frogs collected 
in the breeding season (spring), the concentration was high. The authors thought 
that environmental cues stimulated the reproductive system in the frog by an 
increase in LHRH production and secretion. 


In lower vertebrates there are three main stages in the formation and develop- 
ment of eggs. Oogonia divide and transform into oocytes in the first stage. 
Growth phases of the oocytes occur in the second and third stages. The first 
erowth phase(FGP) does not depend on gonadotrophin, but the second growth 
phase(SGP) is gonadotrophin dependent. “The gonadotrophin-dependent growth 
phase is characterized by uptake of yolk precursors from the blood and their 
deposition in the oocytes. Hence, the phase is also known as the vitellogenic 
growth phase” (Jorgensen,1973). In annually breeding anurans, it takes three 
years to produce mature eggs, approximately one year for each of. the three 
different stages, Atresia is insignificant in FGP. It occurs mainly in later phases 
of vitellogenic growth or in eggs that did not ovulate during the spawning season. 
Jorgensen(1973) studied the pattern of recruitment of oocytes to second growth 
phase in normal toads, and in hypophysectomized toads, Bufo bufo bujo(L.), 
treated with gonadotrophin(HCG). Sensitivity toward gonadotrophin increases 
with the size reached by the oocytes during the FGP. t to SGP is 
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In the female lizard Sceloporus cyanogenys Callard ef al.(1972) found 
that the normal rate of gonadotrophin secretion is not dependent upon negatives 
feedback by ovarian estrogens as an essential part of the regulatory mechanisms, 
“It is thus indicated that the hypothalamo-hypophysial gonadotrophic system in 
female nonmammalian vertebrates may generally be more sensitive to stimuli 
classified as stressors than to changes in levels in circulating estrogen.’’— 
(Jorgenson, 1974). 


Jorgensen(1973) studied the mechanisms regulating ovarian function in 
amphibians (toads). Temperature seems to be the most important synchronizing 
factor but an inherent rhythm in the activity of gonadotrophic centre cannot be 
ruled. out, 


— Jorgensen(1974) suggested that the mechanisms that regulate influx of first 
growth phase oocytes to the gonadotrophin dependent growth phase are mainly 
to be found within the ovary itself. 


Growth of oviduct depends upon the growth of ovaries. Rapid decline in 
weight of the oviducts occurring during the breeding period has been noted by 
Jorgensen and Vijayakumar(1970) only in spawned toads and it may be due to 
the depletion of the secretory granules stored in the gland cells of the oviducıs. 
Mechanical stimulus exerted by the passing eggs leads to the release of contents 
of the gland cells. 


Vijayakumar, Jorgensen and Kjer(1971) suggested that specilic ovarian 
factor(s) secreted to tne blood may parucipate m rcgulaling ovarian funcuca, 
Specially recruitment of oocytes to vitellogenic growth phase, for instance, by 
regulating(decreasing) the sensitivity of the ovary toward gonadotrophin. 


-+ Regarding the function of ectopically transplanted pars distalis, Jorgensen 
(1970) did not find secretion of measurable amounts of ACTH. TSH secretion 
is strongly reduced, as judged by the low rate of 1I uptake by the thyroid 
gland. Letopie pars distalis secreted FSH which could maintain a fairly normal 
spermatogenesis, but Interstitial Cell-Stimulating Hormone(ICSH) secreuon could 
hot maintain the thumb pads(a secondary sex character). No secondury sex 
characters are found in the female toad and only ovarian growth was evaluated 
| in females. Seasonal variation has been noted regarding the dependence of gonu- 
= dotrophic function upon hypothalamic contact. During the months following 

the breeding season, little difference could be observed between ovarian growth 
females with the pars distalis transplanted to an eye muscle and in females 















© wih ars distalis regrafted under the median eminence. Uncontrolled release 
_ Of MSH was found in denervated pars intermedia. 
Transection of the ventral brain stem caudal to the optic chiasma 
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anterior to the optic chiasma, all hypophysial functions studied were more or less 
normal except the thyrotrophic function. It was significantly enhanced, Neurons 
originating in the posterior hypothalamus between the hypophysis and optic 
chiasma can maintain normal thyrotrophic and gonadotrophic functions. For 
normal corticotrophic function the hypothalamo-hypophysial complex should in- 
clude the region of the optic chiasma. Rates of I uptake by the thyroids 
increased after transection of the hypothalamus in front of the optic chiasma, but 
the uptake was low after ectopic transplantation of pars distalis. So the con- 
trol of TSH secretion involves inhibitory as well as stimulatory nervous compo- 
nents. However, in the frog Rana temporaria thyroid ™1 uptake was high 
after transections either anterior or posterior to the optic chiasma and no signi- 
ficant effect could be observed. The transplanted pars distalis in the frog showed 
pronounced autonomous thyrotrophic activity. 


While discussing the neuroendocrine control of ovarian cycle Jorgensen (1970) 
concluded that the presence of a normal population of growing oocytes in an 
Ovary prevents further recruitment to the population, Vilellogenesis. in other 
Oocytes is not prevented by the population ot growing or tull-grown oocytes by 
a local inhibitory mechanism, “it seems reasonable to suggest that recruitment 
to the vitellogenic growth phase may be regulated by a teedback mechanism in 
which secretion of hormone from the growing or tull-sized follicles controls the 
gonadotrophic activity of the hypophysiss A selt- 
regulatory mechanism for maintenance of a specific number of gonadotrophin- 
requiring Oocytes in the ovaries might thus operate even at constant autonomous 
levels of gonadotrophin secretion”. Rapid replenishment of the lost population 
of oocytes does not occur in toads with the pars distalis transplanted to an ‘eye 
muscle. The rapid rate of growth of oocytes in autumn and winter appears to 
depend on central nervous stimulation of gonadotrophin secretion from the 
pars distalis. Slight stimulation of gonadotrophin secretion was found in spring. 
Minimal difference in ovarian development in toads could be observed with pars 
distalis regrafted under the median eminence or autotransplanted to an eye 
muscle. Jorgensen(1970) said, “It is therelore suggested that one principal 
factor in the regulation of the annual ovarian cycle in the toad is an annual rhythm 
in the activity of gonadotrophin-controlling structures in the brain. These struc- 
tures may be located in the posterior hypothalamus". 


It is not known whether apart from increased temperature and rainfalls, 
prolactin plays a part in the migration of toads from hibernation quarters 10 


breeding ponds in spring. In urodeles prolactin plays a role in water-drive, 
Contact of the skin with water induces ovulation in the toad. ent 
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Control of ACTH secretion 


Jorgensen(1968, 1970, 1976) and Holmes and Ball(1974) reviewed this sub- 
ject. Bufo, Triturus, and Ambystoma die within some weeks after hypophysec- 
tomy but hypophysectomized Xenopus laevis may survive for several months 
(Jorgensen, 1968). Treatment with ACTH restores good health in hypophysec- 
tomized Bufo bujo. 


Roy(1960) found that isolated toad (Bufo melanosticrus) hypophysis does 
not secrete significant amounts of ACTH. No corticosteroids could be found in 
the blood of hypophysectomized toads or of toads bearing ectopic autografts of 
the hypophysis. Measurable amounts were present in the blood of toads in 
Which the hypophysis had been regrafted under the median eminence. 


In the toad moulting becomes abnormal ater hypophysectomy und no:mal 
moulung can be restored oy injection ou smail amounts OL ALIH (Jorgensen and 
Lursen,1965). Little or no aulference could be tound between hypophysecto- 
wized loads and toads with an ectopically transplanted pars Giswilis wit respect 
to either survival or abnormal moulting. This indıcwes that ACIH is not 
secreted irom the ectopic pars distalis (Jacobsohn and Jorgensen, 1956). Jurgensen 
(1968) found that sectioning of the hypothalamus just in tront of and behind the 
oput cluasına pracucuily always reauced ACIH secretion trom the hypophysis. 
in most of the toads ACGIH Secretion was less reduced than in toads with ectopi- 
cally transplanted pars distalis. These evidences prove that brain structures 
responsible tor the maintesance of corlicotrophic function are situated anterior 
to the muddle hypothalamus, 


Jorgensen(1970) located the ACTH-controlling structures in the middle 
hypothalamus. 


Dierickx and Goossens(1970) observed normal adrenocorticotrophic activity 
of the pars distalis of the hypophysis of Rana temporaria when neural connec- 
tions With the brain was intact. After compleie neural disconnection, the pars 
distalis of the hypophysis maintains a significant residual adrenocort cotrophic 
activity. 


Roy(1960) and Buchmann er al.(1972) observed undetectable levels of 
— corticosteroids in Bufo spp, alter hypophysectomy. Similar result was 

eved by both the groups of investigators in toads with ectopically grafted 
pars distalis, 


Urodeles die after hypophysectomy with reduction in the ability to re- 
Le er of tho Say. 


chmann er al.(1972) found that ACTH controlling neurons originate 
within a fairly restricted hypothalamic area at the level of the optic chiasma. 
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Roy(1957) studied the hypophysioportal circulation, hypothalamus, pituitary . 

and adrenal of the toad (Bufo melanostictus) and changes in them after fracture 

and other stresses. Importance of the hypophysioportal circulation was stressed 

and he stated, “It is also to be kept in mind that reunion of the severed portion 

(of the stalk) by vascular granulation tissue is a possibility and actually it did 

happen in some of the preparations after stalk section”, The neurosecretory 
substances were noted in the median eminence from where they were carricd to 

the pars distalis by hypophysioportal vessels. Loss of neurosecretory substance 

was noted in the hypothalamic nuclei and neurohypophysis after stress and 
replenishment of the substance occurred at varied intervals after one hour, 


Roy(1970) conducted grafting experiments of the pituitary into the hypo- 
physiotrophic area, Plasma corucosteroids could not be measured in hypo- 
physectomized toads (Bujo melanosiicius). lt could be measured (trace) in er 
nypophysectomized animais with gratts into the hypophysiotrophic arealHıÄ). 
ine level was normal in hypophysectomized ammas with grats in HLA and 
when the gralts were maintained by vascularity from the hypoplıysioportal vessels, 


Jorgensen(1976) reviewed the works of Roy(1969-71). Roy electrically 3 
stimulated or lesioned duierent parts of the toad (ujo melanostictus) brain 
and then measured plasma corucosteroids. blectncal sumulauon raised plasma 
Corticosteroids mostly. Highest values were obtained alter simulation m the 
area of the preoptic nucleus, the ventral hypothalamus, or the median eminence. ' 
dhe mean values obtained were 14.1, 12.8 and 15.5ug/100ml plasma respectively. 
ihese values were sıgnincanıly higher than in the sham stimulated control 
groups where plasma corticosteroids averaged about opg/l00ml, against 2.,5ug in s 
tne unoperated controls. Sumulation of the primordium hippocampi s gaticanily 
reduced plasma corticosteroids to a level of 3.3ug/100mi. The lesion experi- RP 
Ments corroborated those of sumulation experiments. Lesions in the preoptic | 
area and specially, in the ventral hypothalamus and median eminence reduced 
corticosteroid levels in the plasma, whereas lesions of the primordıum hippocampi 
permanently increased corticosteroid levels, the level being 10.3ug/100ml two 
weeks after the operation. These results agree with those of Buchmann and 
coworkers(1972) on Bujo bufo in suggesting that ACTH controlling neurons 
arise in the anterior hypothalamus, These neurons are controlled by extrahypo- 


‘thalamic nerve tracts and inhibitory tracts arise in the dorsal pan of the fore- 5 
ee 
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Interrenal activity declines in some crested newts bearing a pituitary auto- 
graft (Mazzi, 1970). 4 months after operation (unlike Pleurodeles—Pasteels, 
1960), the cells are much smaller than normal and show shrunken nuclei. Schotte 
and Tallon(1960) and Dent(1967) observed that in Triturus viridescens bearing 
a pituitary autograft, limb regeneration Capacity was maintained. This may be 
due to increased secretion of prolactin by the grafted pituitary rather than to 
normal ACTH production (Mazzi,1970) 


Leboulenger ef al.(1979) conducted seasonal study of the interrenal function 
of the European green frog in vivo and in vitro. Seasonal fluctuations have been 
noted in corticosterone production. As the fluctuations cannot be due to 
variations of ambient temperature, their ù} vitro results support the view “thal 
plasma corticosterone rhythms are due, at least in part, to seasonal variations of 
interrenal sensitivity to ACTH". 


Immobilization stress was utilized in frogs by Jurani er al.(1973) immediately 
after the animals were caught. Frogs (Rana esculenta) were hung by a hind 
leg for 5, 10, 30 and 60 min. Plasma corticosterone concentrations increased 
proportionately during the period of observation from 1.6 2/100 ml in the controls 
to 2.2 412/100 ml at 5 min, 3.8 22/100 ml at 10 min, 5.2 ug/100 ml at 30 min, 
and 5.6 12/100 ml at 60 min. Noradrenaline content of the adrenorenal homogenates 
also increased after immobilization. It increased further after prolonged immobi- 
lization upto 60 min. No change could be detected in corticosterone and adrena- 


line content of the adrenorenal homogenates throughout the period of immobili- 
zation. 


Resting plasma corticosterone level did not change below 20°C, but signi- 
> ficant rise could be observed above 20°C. 


Rise in plasma corticosterone concentration did not occur at 1°C after 
ACTH. At higher temperatures(upto 30°C) a significant correlation could be 
detected between plasma corticosterone levels after ACTH administration and 
environmental temperature. Between 30°C and 40°C there was no further 
increase in plasma corticosterone level. 


="  Hanke(1978) reviewed the unpublished observations of Konig regarding 
k * blood concentration level of corticosterone in R. temporaria at 30°C for 10 days. 
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Hypothalamic catecholamine content in Xenopus laevis and Tilapia mossam- 
bica during hyperosmotic adaptation was studied by Abo Hegab er al.(1980). 
Changes in adrenaline and dopamine content are possibly involved in the release 
of ACTH, or prolactin (from Ball und Batten, 1980). 


Johnston er al.(1967) observed increase in plasma corticosterone in R. cares- 
beiana after administration of. mammalian ACTH. Plasma aldosterone level 
increased after acute bleeding: but there was no change in corticosterone level, 
Corticosterone and aldosterone output increased after ACTH and production of 
both steroids diminished after hypophysectomy. 


Dehydration leads to decrease in serum corticosterone level in R. pipiens 
(Jungreis er al,,1970), 


Participation of hypothalamus in the response of interrenal tissue to stress 
in the frog Rana ridibunda could be observed by Turekova and Jurani (1978). 


In vitro production of corticosteroids was found to be depressed in R. cates- 
heiana after daily injection of corticosterone or aldosterone for 14 days (Piper 
and deRoos, 1967). Pr 


Braverman er al.(1973) studied the effect of sodium depletion and postcaval 
vein constriction on steroid secretion in the bull frog (R. catesheiana). These 
experiments have been conducted with an idea to find evidence on the physiologi- 
cal role of the renin-angiotensin system and ACTH in the control of both deoxy- 
corticosterone (DOC) and aldosterone secretion Depletion of sodium resulted in 
an increase in the secretion of aldosterone, corticosterone, and DOC. After 
postcaval vein constriction, a similar pattern of response could be detected. 
Dexamethasone inhibited ACTH secretion in the bullfrogs and in such animals 
aldosterone secretion increased significantly after sodium depletion or constrict'on 
of postcaval veins. No significant increase could however be observed in DOC 
and corticosterone output, ACTH plays an important role in adrenal response 
to sodium depletion and caval constriction. ACTH controls poc secretion in 
these two experimental conditions. A decrease in plasma sodium is 
for the increase in aldosterone secretion when the function of the anterior pitui- 





tary was depressed. Analysis of the steroids was performed in postcaval vein + 


— by the dovbile coiope derivative method. 
tress response was studied by Laub er al.(1975) in frogs (Rana el: 
— —— —— lecapitation. A 
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level. Cholesterol implants in the same areas had no action. Implantation of 


the hormones outside the anterior part of the basal hypothalamus was also 
ineffective 


Hanke(1978) suggested that ACTH-like activity in the brain tissue of 
amphibians may be due to MSH as ACTH molecule chemically resembles MSH. 
Experiments on Xenopus were conducted to understand the nature of ACTH- 
like activity in different parts of the brain. In hypophysectomized Xenous 
tadpoles different parts of the brain and the pituitary were transplanted to the 
kidneys. The steroid dehydrogenase activity was semi-quantitatively measured 
after 4-7 days. Significant increase in the level was obtained after grafting of 

e pars distalis, hypothalamus or basal mesencephalon adopted from normal juvenile 
Xenopus laevis. When the grafts were taken from hypophysectomized juveniles 
(hypophysectomized for 2, 14 or 90 days) only hypothalamic tissue increased 
the enzyme activity. Grafts of basal mesencephalon could not increase the 
enzyme activity. Hanke(1978) concluded that: the ACTH-like activity of the 
hypothalamus is not dependent on the pituitary. ACTH-like activity of the 
basal mesencephalon depends on the intact pituitary and so may be due to 
-bound-ACTH released from the pituitary. Cerebral tissue has no ACTH-like 
activity. “There is no correlation between the ACTH-like activity of the 
hypothalamus and the basal mesencephalon when donors are given metyrapone 
and dexamethasone”, “Biogenic amimes in the brain may donate primary or 

. secondary ACTH-like activity and indirectly affect interrenal activity”. 


= Gastrin immunoreactive sites (nucleus infundibularis ventralis of the pars 

ventralis of the tuber cinereum, anterior preoptic area, and external zone of the 

` median eminence) correspond to the steroid hormone uptake sites in the brain 
of Xenopus laevis (Doerr-Schott er al,1980) (from Ball and Batten, 1980). 


Substance P-like immunoreactive material was found in the external zone 
of the median eminence, and in occasional cell bodies located in the posterior 
thalamus and in the preoptic area (parvocellular neurons) of Xenopus and 
us (Gaudino ef al. 1980). Positive fibres were noted in the posterior 
| us and in the preoptic area (from Ball and Batten, 1980). 


eH 












d d Desy(1979) investigated the localization of ACTH in the 
ce mus. Neuronal. cell bodies situated exclusively in the arcuate 
ucleus of ‘the humar eng contain ACTH Extensive distribution of 

TEA been noted in the hypothalamus with greatest 
'entr 1 of ACTH fibres could not 
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observed in N. proprius of the stria terminalis, N. periventricularis, N paraventri- 
cularis hypothalamus, N, paraventricularis thalamus, and periaqueductal grey and 
N. parabrachialis in mesencephalon, Only cell bodies in arcuate nucleus and 
periarcuate area showed maximum ACTH immunoreactivity. ß-LPH and ACTH 
are situated in the same cells in the anterior and intermediate lobes of the pitui- 
tary gland. Cells of intermediate lobe also contain a-MSH. Vesicles containing 
ACTH are 60-80 nm in diameter, whereas those positive for a-MSH are 40-70 nm 
in diameter. The authors therefore suggested that these peptides are produced 
by different types of neurons. ACTH of nonpituitary origin could probably be 
considered as a neurotransmitter of still undefined function. 


Pars intermedia controlling 
Siructures 


Inhibitory neurons for MSH control originates at the level of the optic 
chiasma, Enemar ef al.(1967) transected the hypothalamus 0.1 to 0.5 mm caudal 
to the optic chiasma of Bufo arenarum. x They found that the animal turned 
completely dark, An intermediate colour was adopted when the level of section 
was immediately in front of the optic chiasma. Similar experiments were 
conducted by Jorgensen(1968). In the unoperated or sham-operated control, 
the melanin in the melanophores was concentrated in Bufo bufo on a white 
background and dispersed in toads on a black background. 


In toads with hypothalamic lesions the degiee of melanin dispersion did not 
vary with the background. Lesion caudal to the optic chiasma produced more dark 
toads than the group with rostral lesions. Effect of rostral lesions was due to 
blinding of the toads. Caudal lesions also made them blind due to injury to the 
Optic tracts. These experiments indicate that hypothalamic inhibitory neurons 
take their origin at the level of and perhaps a little caudal to the optic chiasma. 
These neurons inhibit MSH secretion in the pars intermedia. 


Jorgensen and Larsen(1960) concluded that pars intermedia function in 
Xenopus and Bujo appeared to be controlled by secretory nerves and inhibitory 
nerves. Denervation of the pars intermedia led to darkening of the toads due 
to uncontrolled release of MSH and this causes dispersion of melanin granules 
within the melanophores. After several months some denervated toads kept on 
a white illuminated background resumed the ability to concentrate the melanin 
granules, This may be due to regeneration of the inhibitory innervation of the 
gland (Jorgensen and Larsen, 1963). 


Etkin(1962) also showed by lesion experiments that amphibian pars inter- 
media is under hypothalamic inhibitory control. This was also confirmed by 
Iturriza( 1965). 
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Rodriguez, La Pointe and Dellmann(1971) thought that in the pars inter- 
media there are at least two types of nerve fibres : neurosecretory and nonneuro- 
secretory. By fluorescence and ultrastructural studies the non-neurosecretory 
fibres appear to be aminergic (Enemar, Falck and Iturriza, 1967; Bjorklund, 
1968; Saland, 1968; Naki and Gorbman, 1969). The inhibitory control of 
pars intermedia is by these nerves (Iturriza, 1965, 1969; Enemar and Falck, 1965 ; 
Goos, 1969), 


Rodriguez, La Pointe and Dellmann(1971) studied intermediate lobes of 
frogs (R. pipiens) and toads (Bufo arenarum H). In the intermediate lobes of 
the toads AF+fibres could be traced as is seen in the neural lobe. Their situation 
in the intermediate lobe is close to the neural lobe. Plenty of fibres can be 
detected throughout the gland which are stained by silver techniques. Ultra- 
structurally, the fibres are of two types. Type B fibres with endings containing 
clear vesicles (40nm) and granules (60-80nm in diameter) are met with. These 
inclusions are also seen in dilatations in preterminal portions of the fibres. 
There are type A fibres containing 40nm vesicles and granules from 130 to 150nm 
in diameter. The type B fibres are found in all parts of the gland. Type A 
fibres are found only in the region of the pars intermedia which is nearest to 
the neural lobe, 


Twentyfour hours after transection of the infundibulum in frogs there was 
no change in both the types of fibres. Between six to nine days after transection 
no nerve fibres in pars intermedia could be found. Marked changes in the 
Secretory cells occurred. Six to twelve hours after the operation the dense 
Secretory granules looked larger and paler. The secretory cells showed only 
a few secretory granules restricted to the Golgi area and profound proliferation 
of the rough endoplasmic reticulum, 6 to 9 days after transection. 


Marked darkening of the skin of transected frogs took place between 
2 to 4 hours after the operation. 


Rodriguez er al.(1971) concluded that there are two types of fibres in the 
amphibian intermedia. AF-+fibres are type A fibres and silver stained fibres 
are type B fibres. They said, “In the frog, the disappearance of the fibres after 
transection together with the striking hypertrophy of the RER and the darkening 
a tes ranch an ach, Ge pone 
‘coming from the infundibulum and that most of them reach the secre- 
ti of the p. intermedia” In amphibians and mammals the inhibitory 
control of pintermedia is probably exerted by a neural and a neurovascular 
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neurons taking their origin in the 


~~ 





284 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


anterior hypothalamus of the toad are necessary, The neurons may act by 
stimulating the rate of secretion of MSH from the pars intermedia, They may act 


indirectly by inhibiting the inhibitory nerves or there may be innervation of the 
pars intermedia directly, 


Ultrastructurally two types of innervation have been met with: type A and 
type B. Doerr-Schott and Follenius(1970) found nerves without granules inner- 


vating the pars intermedia in Rana esculenta. These fibres are thought to be 
cholinergic, 


In anaesthetized, curarized frogs (Rana pipiens) Oshima and Gorbman( 1969) 
recorded electrical activity in single nerve fibres in the pars intermedia. Two 
types of neurons firing spontaneously were found by them. One type of neuron 
was indifferent to changes in illumination. The other type was inhibited by 
light that appeared to act via the pineal organ and not through the eyes. 
Mediation of the background response by the two types of neurons via the eyes 
remained uncertain. The first type corresponded to type B aminergic fibres. 
These inhibit MSH secretion and travels laterally in the infundibuiar floor. The’ 
second type probably stimulates MSH release and the fiber travels medially in 
the. infundibular floor, 


Davis and Hadley(1979) studied the possible influence of the epithalamic 
area On MSH release in Rana berlandieri forrei (Rana pipiens, sensu lato). 
There was a reversible darkening of skin melanophores after electrical stimulation 
of a specific area on the diencephalic roof. The latency period between stimu- 
lation and starting of melanophore dispersion was from 1-3 minutes. Hypo- 
physectomy prevented the response. The pars intermedia MSH _ secretion is 
thus regulated by “a neural, humoral, or integrated neuroendocrine pathway’ 
The pathway apparently develops “from the diencephalon, in proximity to > 
pineal-subcommissural complex”, 


LHRH stimulated MSH release by the bullfrog pars intermedia in vitra 
(Dickhoff, 1974). Vaudry ef al.(1977) observed that TRH could stimulate MSH 
Secretion by the pars intermedia of a frog. 


Electrophoretic * chromatographic separation and identification of the 
intraglandular, acid uctivatable, and secreted forms of melanotrophic peptides 
were done by Dickhof and Nicoll(1979) fiom neurointermediate lobe of the 
American bullfrog, Rana catesbeiana. Five forms of MSH could be detected 
on acrylamide gels. Their results indicated that the Ravelry eal 
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* a-MSH-like peptide is contained in the frog brain extracts (Vaudry er al., 
1978). Enzymatic mechanisms exist in rat plasma, brain, liver and frog brain 
which can degrade the «-MSH. 


The pars intermedia of the amphibian hypophysis contains peptidergic, 
catecholaminergic and possibly cholinergic nerve fibres (Dierickx and Vandesande, 
1976). Dierickx and Vandesande(1978) concluded that the mesorecinergic nerve 
fibres of the amphibian (Rana temporaria, R. esculenta, and Bufo bufo) pars 
intermedia are axons Of neurosecretory cells situated in the hypothalamic magno- 
cellular preoptic nuclei. Mesotocinergic and vasotocinergic neurons have been 
found to be separate in the amphibian hypothalamic magnocellular neurosecre- 
tory nuclei. The authors infer that the mesofucimergic nerve fibres of the pars 
intermedia must contain mesotocin and/or parts of the mesotocin molecule. 

x The authors further stated, “As described, our light-microscopic immunocyto- 
chemical observations suggest that the amphibian pars intermedia contains no, 
or very few, vasotocinergic fibres. By contrast, according to our preliminary 
electron-microscopic studies, the amphibian pars intermedia would also contain 
separate vasotoginergic fibres distributed throughout the whole gland. The 
reason for the discrepancy between our light-and electron-microscopic results is 


being investigated”. 
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Hypophysiotrophic area and deafferentation of the medial basal hypathalamuis 


The importance of the hypophysiotrophic area in the control of the anterior 
pituitary of the amphibians by grafting experiments has been mentioned before. 
In the following pages its importance in the rat and rabbit has been described. 


The hypothalamic region which can maintain the basophils of the implanted 
pituitary has been termed as the hypophysiotrophic area (HTA) by Halasz et al. 
(1962). Anteriorly it extends in the level of the optic chiasma from the ventral 
surface up to the paraventricular nuclei or even slightly above. Posteriorly the 
dorsal border gradually comes down ventrally and in the anterior mamillary 
level it is limited to a narrow zone around the inframamillary recess of the third 
ventricle. Medio-laterally the area extends 4 mm or slightly more, from the 
midline, 


Three distinct cytoarchitectonic subdivisions of the medial hypothalamus 
are situated in the HTA : (i) the whole of arcuate nucleus; (ii) the medial 
parvicellular part of the retrochiasmatic area (the magnocellular lateral part is 
situated outside the area); (iii) only a small portion of the ventral (rostral) 
part. of the anterior periventricular nucleus. 


This region can preserve pituitary basophil cells and pituitary grafts in this 
area and can maintain trophic hormone secretion as is found with pituitaries of 
normal rats. Secretion of gonadotrophic hormone, ACTH, TSH and growth 
hormone by the transplanted pituitary is maintained if the pituitary graft is stuated 
only in the hypophysiotrophic area (Szentagothai er al. 1968). The nerve cells 
of the medial basal hypothalamus can produce the Aypophysiotrophic factors and 


they are carried by the tubero-infundibular tract to the median eminence. These — 


factors enter the portal circulation to reach the anterior lobe of the pituitary. 
Compensatory hypertrophy of the remaining adrenal gland after unilateral adre- 
nalectomy occurs in animals with pituitary transplants in the hypophysiotrophic 
area only when the graft is closely connected with the median eminence. This 
is not so for ovarian compensatory hypertrophy. For an appreciable ae res- 
ponse to methylthiouracil treatment, pituitary graft must come inio direct con- 
tact with the median eminence. “The frophic factors essential for the main- 
tenance of gonadotrophic hormone secretion would be present in active form and 
sufficient amount in the nerve cells of the hypophysiotrophic area, whereas those 
for ACTH and TSH only at the nerve endings.” 


Halasz knife was utilised by the authors to produce (a) complete deafferen- 
tation (hypophysiotrophic area was completely cut around, er the: SA in 
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in contact with the anterior hypothalamus) and (c) frontal cut (where the anterior 
connections of the hypophysiotrophic area were divided leaving the other con- 
nections intact), 


Though the HTA can function independently, still it is insufficient by itsclf to 
maintain the hormone secretion of the anterior lobe at a normal level. After 
neural isolation of HTA, ovulation and ovarian compensatory hypertrophy are 
blocked, and normal pituitary TSH response to propylthiouracil does not occur. 
When the anterior afferents to the HTA are interrupted by frontal cut, the diurnal 

t rhythm of ACTH secretion is interfered, but there is alteration of the rhythm 
when all other neural connections are divided. 


The first level of control of the pituitary is by the hypophysiotrophic area 
through its hypophysiotrophic substances. The Releasing Factors system is a 
parvicellular neurosecretory or tubero-infundibular neuron system. The second 
level of control is by the nervous structures situated outside the HTA. These 
nervous elements act through the HTA by regulating the ‘synthesis and release of 
hypophysiotrophic substances produced by this area. “Everything outside the 
confines of HTA and concerned in the nervous control of anterior pituitary func- 
tions is the Release Regulating System (RRS).”In the median hypothalamus 
they are ventromedial, anterior and premamillary nuclei. Extradiencephalic 
regions of RRS are the preoptic area, the septum, the amygdala, the habenular 
region and others. 


Makara et al.(1980) reevaluated the pituitary-adrenal response to ether in 

rats with various cuts around the medial basal hypothalamus. Previously it was 

thought that corticotrophin-releasing factor (CRF) is produced by nerve cells 
Y situated in the medial basal hypothalamus (MBH). This view is now in doubt 
because (i) in rats with complete deafferentation of the MBH, no ACTH release 

could be achieved by electrical stimulation of the isolated tissue and (ii) CRF 

content of the stalk median eminence (SME) proper dropped to an undetectable 

level. The present results support the hypothesis that CRF-containing fibres enter 

the MBH from outside and that most of these fibres run through the lateral retro- 

chiasmatic area (RCAL) on their way towards the neurohaemal regions of the 
infundibulum. A small but significant rise in plasma corticosterone in response 

to ether inhalation was found in rats with a small MBH island (shorter than the 
fostrocaudal extent of the median eminence). Some CRF-containing fibres might 

ave reached the regenerated portal blood vessels, However, large piece of 
c Tti (diameter of 4 mm) did not show such response. Danilova 

: see 10v(1977) observed Gomori-positive neurosecretory sprouting in the 
crentation of the same in the rat. Makara er al.(1980) had 
uch neoformation of neurohumoral link is more possible with 
a ee tore tee a after 
inections may form between two sides of the hypothalamic 
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scar. In all rats with anterolateral cut there was atrophy of the neural lobe with 
disappearence of Gomori-positive neurosecretory material. 


In the fourth Geoffrey Harris Memorial Lecture, Flerko (June, 30, 1979 
and published in 1980) reviewed their works and those of others on The hypo- 
physial portal circulation today. Flerko and colleagues did not find LHRH syn- 
thesizing neurons in the HTA of the rat by immunohistological techniques between 
1974 and 1979, They described immunoreactive LHRH nerve fibres and termi- 
nals in the median eminence of the rat. This delicate fibre system could be 
traced back to the preoptic-suprachiasmatic region and arcuate nuclei area but 
no LHRH immuno-positive nerve cells could be found in those areas. Subse- 
quently occasional LHRH-positive nerve cells could be detected in the preoptic- 
suprachiasmatic and medial prechiasmatic areas of intact, adult, female rats 
killed at the end of diestrus or in proestrus. This may be due to low LHRH 
content of the nerve cells which is below the threshold of their immunological 
technique. They tried to increase the neurohormone concentration in LHRH 
containing cell bodies by experimental manipulations which interfere with the 
axoplasmic transport or release of the neurohormone. Nembutal was injected 
into adult female rats before and/or during the so-called critical period or a 
frontal cut was made with Halasz knife. LHRH + cell bodies were found to be 
scattered in the preoptic-suprachiasmatic area near the organum vasculosunt’ Of 
‘the lamina terminalis (OVLT). Arcuate nuclei did not contain nerve cells pro- 
ducing LHRH. This fact was proved by their observations in fats with Com- 
pletely isolated MBH. After two weeks of surgery, a very few LHRH + fibres 
‘entered the hypothalamic island in the most superficial layer of the median 
eminence which might have escaped the knife cut. A fair number of LHRH + 
fibres and terminals could be found in the frontallv deafferented median eminence à 
(frontal cut behind the optic chiasma) including the area of arcuate nuclei. No 
LHRH + cell bodies were found however. It proves that axons of LHRH + 
nerve cells in the preoptic-suprachiasmatic area situated in front of the frontal 
cut proceed towards the middle part of the MBH above the plane of surgery. 

These fibres pass through the arcuate nuclei and reach the superficial layer of the 
‘median eminence. In their course before the arcuate nuclei they are situated 


in the periventricular gray matter on both sides of the 2 * sle. The 
— * drinker ETAO n or —— of the hypophysial portal 
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j cells requires stimulation of synthesis of LHRH and/or blockage of the axo- 
plasmic transport or release. Vigh er al.(1978) used sulpiride or reserpine. 
Sulpiride blocks ovulation and axoplasmic transport or release of LHRH is inhi- 
bited either by sulpiride or reserpine. Reserpine depletes norepinephrine which 
is stimulant for LHRH release, Therefore in absence of norepinephrine there 
will be increase in LHRH content of the cells in reserpine-treated rats. 


After treatment with sulpiride or reserpine, LHRH-containing nerve fibres 
and terminals were plenty in number in the median eminence and OVLT. 
LHRH + nerve fibres were also found in the anterior periventricular gray matter 
of the third ventricle of female rats. Extrahypothalamic regions of rabbits also 
contained LHRH + nerve fibres. 


Hypophysiotrophic area (HTA) did not contain LHRH + cells LH and 
FSH were detected in the anterior pituitary homografts placed in the HTA by 
peroxidase-labeled antibody method. Proper vascularization of the transplants 
is necessary for the presence of the hormone-containing cells in the homografts 
irrespective of their location, The hormone content in the Aypertrophic gonada- 
frophs is low indicating a release of the hormone from these cells. The hyper- 
trophic gonadotrophs are found only in the grafts situated in the HTA. Inactive 
(small) gonadotrophs are found in grafts situated outside the HTA or grafts 
under the renal capsule. These cells are in storing stage. Diffusion and 
formation of new LHRH terminals on or near the pituitary grafts may not be 
the source of LHRH for the hypophysiotrophic effect of HTA. This effect can 
however, be considered through circulation via the subependymal arteries and 
ascending branches of the three hypophysial arteries (retrograde circulation to 
a the HTA). Hypophysiotrophic neurohormones are thus supplied to the pitui- 

tary graft in the HTA. There are no hypertrophic and actively secreting LH 
cells in pituitary transplants situated in the HTA when the median eminence of 
these rats is removed completely, Flerko(1980) said, “The original concept of 
Halasz et al.(1962) must be modified by assuming that the vascular link between 
capillaries of the median eminence and the HTA is the decisive factor in the 





hic effect of the HTA.” 
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stimuli. Relatively large amount of LHRH is expected to be present in absence 
of such stimuli. The authors studied virgin rabbits and rabbits mated within 
1-48 hours before fixation, In virgin female rabbits cells containing LHRH were 
found both in the suprachiasmatic and tuberal regions. LHRH positive fibres 
could easily be found in the tuberoinfundibular and praeoptico-infundibular tract. 
In the periventricular area, just under the ependymal layer, a plexus of LHRH 
fibres could be found, which carried axons probably from the preoptic-suprachias- 
matic area to the median eminence. LHRH axons were also located in the 
mamillary nuclei and posterior to them, at the mesencephalic end of the tractus 
habenulopeduncularis, in the medial habenular nucleus, around the emerging 
fibres of the habenulopeduncular tract, in the stria terminalis, in the stria medul- 
laris thalami, and near the diagonal band of Broca. LHRH cells could be found 
among the LHRH axons near the diagonal band of Broca. These axons pro- 
ceeded towards the dorsal part of the septum pellucidum where they mixed with 
Other fibres. The other end of this bundle was traced by the authors along the 
olfactory tract close to the ventral surface upto the olfactory bulb. Shortly after 
copulation, LHRH content of the brain diminished. 1-48 hrs, after copulation, 
LHRH axons were only noted in the tuberal and habenular areas. 


Danilova(1978) studied classical (Gomori-positive) neurosecretory system 
in the rat after isolation of the medial basal hypothalamus (MBH) and adrena- 
lectomy. Regeneration of Gomori positive neurosecretory fibres with formation 
of new axovascular contacts occurs after deafferentation (DA) of the MBH. The 
amount of Gomori + material is higher in the hypothalami of DA + adrenalec- 
tomized (AE) rats when compared to that in the hypothalami of rats with DA 
or only AE. After complete isolation of MBH there are no CRF-eranules in the 
external median eminence in the rats 2-3 weeks after adrenalectomy. The author 
Sitggests that Gomori +cells of the anterior commissural nucleus synthesize CRF. 


Tanycyte ependyma and medial basal hypothalamus of the rat : 


The relationship between the tanycyte ependyma of the floor and N 
teral walls (82, 81, a2, al.) of the third ventricle and the hypophysial adrenocor- 
ticotrophic function and gonadal hormones was studied by Akmayev er al.(1978) 
in the rat. Dexamethasone treatment for 8 days showed increased sete in 
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Differences between females and males in the activity of some dehydro- 
genases (GDH, LDH, G-6-PD, GPDH, NADH.-DH) were observed in 3*-tany- 
cytes on the 3rd, 5th and 7th post-natal days. These tanycytes are involved in 
some way (occurrence of corresponding receptors for the gonadal hormones) 
for sexual differentiation of the hypothalamus. There was an increase of alde- 
hydefuchsin-positive lysosome-like structures in æl and a2-tanycytes of male and 
female rats at 1-3 weeks of post-natal life. 


The endocrine hypothalamus 


Knigge er al.(1978) defined the endocrine hypothalamus to be “that control 
subsystem containing, among other neural elements, those projections of the 
peptidergic neurohormone system whose activity provides for the regulation of 
adenohypophysial function”. The peptidereic neurohormone system comprises : 
(1) Peptidergic hypothalamo-neural lobe projections (vasopressin supraoptico- 
neural lobe; oxytocin paraventricular-neural lobe; SRIF hypothalamo-neural 
lobe) ; (2) Peptidergic hypothalamo-median eminence projections (LRF field I- 
median eminence; LRF field Il-median eminence; SRIF hypothalamo-median 
eminence; TRF hypothalamo-median eminence; vasopressin supraoptico-median 
eminence) ; (3) peptidergic hypothalamo-OVLT projections (LRF field II-OVLT; 
SRIF hypothalamo-OVLT) ; (4) peptidergic hypothalamo-hypothalamic projec- 
tions (SRIF hypothalamo-ventromedial; TRF hypothalamo-ventricular; LRF 
hypothalamo-ventricular; SRIF hypothalamo-ventricular); and (5) peptidergic 
hypothalamo-mesencephalic (LRF hypothalamo-tectal; LRF hypothalamo-teg- 
mental), 


Hokfelt er al.(1978) described aminergic and peptidergic pathways in the 
nervous system with special reference to the hypothalamus. 7 


Kozlowski er al.(1978) studied the neurosecretory supply to extrahypothala- 
-structures(choroid plexus, circumventricular organs, and limbic system) in 
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the animal. Thus, an individual neurosecretory neuron may send fibrous vn 
projections to septal areas, suprachiasmatic nuclei, and zona externa of the 

median eminence for mediation of stress responses that result in adrenocorticoid 

release and the appropriate behavioral response. Whether the same cell provides 

an intraventricular nerve ending for a wide distribution of hormone via CSF, 

should remain as difficult to prove as it is to solve the problem of why particular 

brain structures demand private peptidergic input versus humorally distributed 

routes of neuropeptides.” 
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CHAPTER 13 
THE PITUITARY OF REPTILES 


Anatomy of the reptilian pituitary gland has been described by Wings- 
trand(1951, 1966) (fig. 13.1), Saint-Girons(1963, 1967, 1970) and Holmes and 
Ball(1974). The following description is based on their works. The pituitaries 
of Sphenodon, Chelonians and Crocodiles are in most primitive form. Well 
developed pars intermedia and pars tuberalis are present in these groups. The 
pars distalis is more or less distinctly subdivided into a cephalic and a caudal lobe 
as in birds. Pars tuberalis is very much reduced or absent in Lacertilians. In 
the snakes it is not developed even in the embrvos. In Lacerrilians and snakes. 
tuberalis tissue does not accompany the portal vessels from the eminentia to the 
pars distalis. Instead there is a connective tissue string, called the pars termi- 
nalis. Many degrees of complications exist in the neural lobe. Most compact 
neural lobes are found in snakes and the snake pituitary is strongly asymmetrical. 


The pituitary of Sphenodon (Hatteria punctata) 


The Sphenodon pituitary may be taken as the prototype of reptilian pituita- 
ries. Developmentally an anlage consisting of two lobes is seen, one oral and 
the other aboral. They are separated by a constricticn. The lateral lobes take 
their origin from the oral lobes. 


Intermedia is formed during further development. Wingstrand(1951) com- 
pared the structural plan of the adenohypophysis in birds and reptiles. It shows 
that the caudal lobe of the adult avian pituitary corresponds to the intermedia 
and the adjacent part of the pars distalis in reptiles because the material in both 
cases is supplied by the aboral lobe. The cephalic lobe in the avian pituitary 
corresponds to the rostral part of the reptilian pars distalis, and this part is well 
developed in reptiles. The lobi lateralis give rise to a pars tuberalis in birds, 
crocodiles, chelonians and Rhynchocephalia, but do not form a tuberalis in the 
snakes, in which they are indistinct already in small embryos, and they are partly 
or completely reduced also in lizards (Wingstrand, 1951). 


The pars distalis of Sphenodon is elongate, ovoid and anteriorly it is 


_ separated from the neurohypophysis by a broad cleft. At the posterior end it 


bends dorsally and fuses with the intermedia, The pars distalis is subdivided 
histologically into cephalic and caudal lobes, The pars intermedia has two to 
several layers of cells on the surface of the neural lobe and these cells penetrate 

ween the lobules of neural lobe. In adult specimens no hypophysial cleft 
seen. The pars tuberalis originates in a paired way on each side of the pars 
» starting point corresponds to the anterior margin of the interme- 
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dia, As in birds, the cell strings from each side fuse to form a porto-tuberal ` 
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tract together with the portal vessels. The juxta-neural portion of the pars 
tuberalis covers the median eminence with a lew layers of cells and it does not 
invade the nervous tissue as is noted in Lacertilians. 


The neural lobe consists of three to four hollow, thin-walled lobules on 
each side. There are indications to prove that the anlage was bifurcate. The 
walls of the lobules have an ependymal layer, a fibre layer, and a palisade layer. 
Free pituicytes are not observed. The median eminence is thin. 


The pituitary of Chelonians 


Developmentally the lobi lateralis, the oral and aboral lobes, the constric- 
tion between them and the rostral diverticulum appear regularly just as in Lacerta. 
Intermedia is formed by the distal portion of Rathke’s pouch proper which is cut 
off by a second constriction as in snakes. The lobi lateralis are preserved in 
the adult as a distinct pars tuberalis. The tcp of the aboral lobe gives rise to 
an intermedia and the rest of the aboral lobe takes part in the formation of the 
pars distalis. The remaining part of the pars distalis is formed by the oral lobe 
(Wingstrand, 1951). 


The adenohypophysis of Chelonians has three parts: pars distalis, pars 
intermedia and pars tuberalis. The adenohypophysis is closely attached to the 
median eminence and therefore the porto-tuberal tract is short, thick and not so 
prominent as in Sphenodon and birds. The pars distalis is histologically subdi- 
vided into a cephalic and a caudal lobe in Testudo mauritanica. There are plenty 
of colloid acini in the pars distalis of many chelonians. After staining with 
aldehyde fuchsin, the pars distalis looks almost like a thyroid. The pars inter- 
media covers the neural lobe from the posterior and ventral aspects and pene- 
trates between the lobules in the medial parts of the intermedia, A few layers 
of cells are present, Laterally the intermedia is well developed with massive 
bodies of epithelial strings and acini. Intermedia cells can be faintly stained with 
haematoxylin and aldehyde fuchsin. A hypophysial cleft is usually present in 
T. mauritanica, The pars tuberalis is usually well developed. The neurohypo- 
physis of most species has a short and illdefined stem, except in Chelone where it 
is long and narrow, The walls of the neural lobe have an ependymal layer, a fibre 
layer and an outer palisade layer with plenty of neurosecretory substance. Free 
glia cells are few or absent. A pair of slightly wrinckled sacs may be protruded 
cut from the wall as in Testudo graeca or may form many small. hollow lobules 
as in Emys or Chelone. The median eminence contains neurosecretory substance 
in the deep fibre layer and also in the superficial palisade layer. 


The pituitary of Crocodilians 


= The adenohypophysis appears to be very similar to that of the chelonians. 
he pars distalis is histologically subdivided into a cephalic and a caudal lobe as 
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in birds. The pars intermedia is well developed and surrounds the neural lobe 
and penetrates between its lobules. In young specimens only there is a hypophy- 
sial cleft. The pars tuberalis is thin and paired with a portal zone. The neuro- 
hypophysis has a narrow stem. The neural lobe is much lobulated with hollow 
lobules but dorsally a large sac is present in Crocodilus. There are many pitui- 
cytes. The capillaries are not situated deeply but they are restricted to the 
furrows on the surface. The median eminence is very thick and covers only part 
of the post-optic hypothalamic floor. Plenty of pituicytes and deep folds for 
the lodgement of the capillaries are noted. 


The pituitary of Lacertilians (fig. 13.2) 


There is considerable variation in the anatomy of the Pituitary gland, Deve- 
lopmentally the pituitary anlage is U-shaped having the epithelial stalk attached 
to the bottom of the U. The caudal leg of the U contacts the developing neural 
lobe and so it is the aboral lobe with the aboral lumen. A constriction of the 
lumen separates it from the oral lumen and this has given rise to a large anterior 
diverticulum (Vorraum). Near the constriction, the lobi lateralis start from the 
oral lobe as is found in birds. The only difference with the birds is the mighty 
development of the anterior process (as is shown in the left leg of the U in the 
figures). In avian embryo this diverticulum is small or may be indicated by a 
solid zone with intensive proliferation, 


The pars intermedia is formed by the flattened top of Rathke's pouch. Pars 
distalis is formed by the rest of the anlage except the lobi lateralis. The lobi 
lateralis grow out and reach the brain but later on they are reduced to two cell 
masses which are embedded in the surface of the brain and have lost contact 
with the main gland (Wingstrand,1951). The portion of the lateral lobe passing 
through the portotuberal tract disappears and is reduced to a pars terminalis 
containing vessels and connective tissues. Szentagothai and Szekely(1958), 
Szentagothai er al.(1962) and Enemar(1960) also observed a very remarkable 
transformation of the juxta-neural tuberalis plates in most species. Wingstrand 
(1966) found the cell plates to be situated in the sulcus tubero-infundibularis on 
each side in Lacerta, Anguis, Tarentola, Gambelia, Uta, Sceloporus, Uma, Strepio- 
Saurus and Xanthusia with the disappearance of the basement membranes and the 
pia under them. The tuberalis cells have entered into the adjacent hypothalamic 
wall, These cells are difficult to distinguish from neurons. There were no tuberalis 
cells in Varanus, Chameleon, Zonorus and Chemidophorus (Wingstrand, 1966). 


In Xanthusia the gland is asymmetrical and the pars distalis is shifted to the 
left and the neural lobe with the intermedia is shifted to the right. This asymmetry 
is noted in snakes. Pituitary of Xanthusia and Anguis is flattened dorsoventrally 
like the pituitary of snukes and in other lizards it is thick. Histological subdivi- 
sion of the pars distalis into cephalic and caudal lobe is there. 
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The pars intermedia covers the neural lobe on the posterior, lateral and 
ventral aspects and partially and incompletely on the dorsal aspect. The pars 
`N ~- intermedia may have only one or a few layers of cells as in Lacerta, Anguis and 





oO 
ee 
od 
@ 
— 
. 
U 
* 
* * P t 
4 4 u » 
ee ET — S — 


. 13.2 Different t of Lacertilian pituitaries: (a) Uta stansbunana ; (b) Varanus 
= niloticus ; ta Agama sp. ; (d) Chamelco gracilis—From Wingstrand (1966). 
Courtesy of Professor K. G. Wingstrand and Butterworths, London. 
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Xanthusia but very thick and large in /ewanids, Chameleon and Geckonids na 
(hg. 13.3). In /guanids the thick intermedia has many layers of cells. The RL 


hypophysial cleft is distinct in some eroups, small and reduced in others and =» 








Fig. 13.3. Median section of the pituitary of Tarentola delandii, showing the slight diferentia- 
tion of the median eminence (1), the thin-walled neural lobe (2), the large inter- 
media (3) and hypophysial cleft (4). 5, Pars distalis—From Wingstrand (1966). 
Courtesy of Professor K. G. Wingstrand and Butterworths, London. 
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completely absent in /guanids, Veranus, Agama and Zonorus, Intermedia cells 
may lie in the dorsal and ventral walls of the cleft as are found in Chelonians. 


The neurohypophysis has a long or short infundibular stem or the stem is 
absent in Chameleon, The neural lobe may be thin walled and folded as in 
Sphenodon or lobulated with reduced Jumen and thick walled. The lacertids have 
few lobules. Often only the original pair of primary branches of the saccus 
inlundibuli give rise to a large neural lobe of the adult by increase in thickness 
of their walls. The neural lobe is never compact and the infundibular recess 
ramifies into the primary branches and other !obules. The median eminence of 
small lizards is thin with few pituicytes and a smooth surface but in larger species 
it is thick having numerous pituicytes and the portal vessels are buried in deep 
furrows on the ventral aspect. The median eminence is situated in a small 
ventral area at the anterior end of the pars distalis and it is separated from the 
optic chiasma by a large pars oralis tuberis. 


The pituitary of Oplidtans (Snakes) 


The pituitary glands in Typhlops, Bitis and to some extent, Python are 
symmetrical. In other snakes the pituitary gland is asymmetrical. The pars 
distalis is situated on one side and the neurointermediate lobe on the other 
(fig. 13.4), In any one species both right-handed and left-handed glands are 
met with (Wingstrand,1966). Asymmetry develops late in embryonic develop- 
ment, just before hatching and the pituitary of young embryos are strictly 
symmetrical, 


Asymmetrical snake pituitaries are flattened dorsoventrally. The posterior 
end of the pars distalis arches over to the Opposite side and fuses with the pars 
intermedia, No hypophysial cleft is met with except in the symmetrical pituitary 
of Biris. 

No pars tuberalis is found in adult snakes. A vascular contact is established 
by the processus anterior with the median eminence. This process develops into 
the rostral part of the pars distalis. It is drawn towards one side in old embryos. 
The pars terminalis is formed by stretched-out portal vessels and connective 
tissue. In the adult these vessels pass obliquely from the median eminence to 
the pars distalis, 

The pars distalis is histologically subdivided into a cephalic and a caudal 
lobe. The cephalic lobe contains strongly carminophilic Al cells. 

Pars intermedia is not found in burrowing Typhlops and Leptoryphlops. No 
intermedia cells have been found in them. In most snakes the intermedia is 
massive and forms a thick cup around the posterior end of the neural lobe and 
the hypophysial cleft is absent. 


The infundibular stem of the neurohypophysis passes obliquely from the 


median eminence and the neural lobe is displaced to the opposite side. The 
neural | lobe is compact in all snakes. The lobules are often solid with connec- 


nd plenty of pituicytes. The infundibular recess extends into 
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the base of the lobe and there are few narrow diverticuli. Commonly two pouches 
are found and they correspond to the paired primary branches of the saccus 
infundibuli, 

The median eminence is situated in the anterior infundibular floor and it 
may be slightly shifted towards the side where the pars distalis is situated, The 





a. a - E PE = 
3, neural lobe ; 
i f 
wi. 4 
hee 











THE PITUITARY OF REPTILES 301 


median eminence of the snake is always thick, proliferated and free glia cells 
are prssent. The portal vessels are in the deep furrows on the surface. 


The hypophysial cleft is present in the symmetrical gland of Biris and also 
in the asymmetrical pituitary of Vipera aspis, 


Vascular supply of the Reptilian pituitary gland 


In all amniotes the portal system consists of a dense plexus of capillaries 
on the median eminence and they are drained by wide portal vessels which pass to 
the secondary capillary net of the pars distalis, Wingstrand(1951) found the portal 
system in the pituitary of snakes (Vipera, Tropidonotus, Coronella) and lizards 
(Lacerta). The primary plexus of the hypophysio-portal system covering the 
median eminence is formed by arteries coming from the anterior ramus of the 
carotis far from the point of division in snakes and lizards. In snakes (Tropi- 
donotus and Vipera) the neural lobe has a double supply. One small artery 
(fig. 13.5) comes from the infundibular artery and runs along the stem to the 
neural lobe. Another artery for the neural lobe leaves the carotis just as it enters 
the sella. 


Roy(1958) found that the garden lizard (Calotes versicolor) has got well 
marked median eminence and the primary capillary net of the portal vessels is 
partly within it and partly on the surface of it. Through the pars terminalis the 
portal vessels enter into the pars distalis where they break up into secondary 
capillary net. Basophilic cells akin to the pars tuberalis are located on the 
surface of the median eminence. Neural lobe and pars intermedia are well deve- 
loped. The direction of flow of blood in the hypophysioportal vessels is from 
the median eminence towards the pars distalis. Nerve fibres containing neuro- 
secretory substance are found to end around the primary capillary net in the 
portion of the infundibulum which corresponds to the median eminence in higher 
vertebrates. These findings help in the pcstulation of the idea that neurosecre- 
tory substance comes into the pars distalis through the hypophysio-portal vessels 
and a part contained in the substance stimulates the pars distalis to produce 
ACTH or gonadotrophin or other hormones. The hypothalamus, median emi- 
nence and the hypophysis show marked congestion after the stress of fracture, scald 
and ether anaesthesia, 


(a) In Calotes versicolor primary capillaries of the median eminence are 
fed by the infundibular arteries. These vessels ure situated superficially but some 
loops penetrate deep into the palisade layer. The vascular system of the neural 
lobe is connected to the vascular bed of the median eminence by a few capilla- 
ries, Large portal vessels numbering one or two supply the cephalic lobe of the 
pars distalis and vessels from this lobe supply the caudal one. The neuro- 
intermedia receives blood from the neural lobe urteries, branches of infundibular 
arteries, Branches from them form the plexus intermedius. Pandalai(1966) 
described the marginal vessels in the border zone between the neural lobe 
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— 
and the pars intermedia of Calores versicolor, These vessels are arranged in | 
the form of simple loops and spirals which protrude into the neural lobe. | rg 
The neurosecretory endings of the hypothalamo-hypophysial tract bend 
peripherally and end on the endothelial walls of these capillary loops. 





Fig. 13.5, —— of the vascular supply of the pituitary in Vipera 
berus The pitutary is asymmetrical (A) Carotis 
interna; (B) the part of the artery situated inside the 
canalis caroticus; (C) ramus anterior; (D) ramus medius; 
(E) ramus posterior of the carotis; (F) inferior hypo- 
physial arteries, emitted from the carotis just when it 
enters the sella: (G) infundibular artery; (H) arteria 
cerebri media ; (I arteria basilaris. 

(1) pars distalis; (2) neural lobe ; (3) pars ferminalis 
with portal v essels ; (4) median eminence with the pri- 
Ber en u ponar system ; A Co wall — 

ca—From ingstrand aurt | 
Professor K. G. Wingstrand. = 





These capillary loops give off straight branches from the basal aspects and they 
supply the pars intermedia. Neurosecretory innervation of the pars intermedia 
cells has not been observed by Pandalai(1966) in Calotes versicolor. NSM 
circulates in the pars intermedia through blood. 
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Some of the interlobular and intralobular blood capillaries have connections 
with the capillaries of the caudal pars distalis. Neural lobe blood passes to the 
retrohypophysial vein through the capillaries of the intermedia. Veins from 
caudal pars distalis also join the retrohypophysial vein. There is no separate 
artery supply to the pars distalis (Nayar and Pandalai, 1963; Sheela and Pandalai, 
1966). 


(b) The primary plexus of the median eminence is formed by infundibular 
arteries in Lacerta agilis and Anguis fragilis. The plexus is situated superficially 
and there are no vascular loops penetrating deeply. Vascular connections between 
the primary plexus and the superficial capillary network on the neural lobe surface 
are there, These connections may be by a plexus on the oral surface of the infundi- 
bular stem as in Lacerta or several straight capillaries as in Anguis. A Plexus 
intermedius is formed in the connective tissue septum between the neural lobe 
and pars intermedia. In these animals neither the neural lobe nor the thin 
intermedia is penetrated by the vessels The capillaries are superficial. The 
superficial vessels are fed by (a) infundibular arteries and ( b) capillaries ofi the 
median eminence (Enemar, 1960). Blood supply to the pars distalis belongs to 
the hypophysioportal system. From the primary plexus, four to six portal vessels 
run into the secondary capillary net in the cephalic lobe of the pars distalis, from 
where sinuscidal vessels enter into the caudal lobe in the anguid lizards (Saint- 
Girons, 1967). No direct artery supplies the pars distalis. The venous drainage 
from the caudal pars distalis and the plexus intermedius is to the retrohypophysial 
vein(Enemar, 1960). 


(c) In the grass snake (Natrix natrix L) infundibular arteries feed the 
primary plexus in the median eminence(Enemar, 1960). Bunches of capillaries 
penetrate deep into the palisade layer of the eminentia. Seven or cight portal 
vessels connect the primary plexus with the secondary capillary net in the cephalic 
part of the pars distalis. Connection between the primary plexus in the median 
eminence and the vessels of the neural lobe is by only few capillaries. The 
neural lobe vascular system receives the main feeding vessels from the hypophysial 
urteries and also by a branch from the infundibular artery. Capillary branches 
from the plexus intermedius pass into the solid lobulated neural lobe and also 
into the pars intermedia. There is also a superficial plexus. A few small 
arteries from the internal carotids supply the pars distalis directly. Retrohypo- 
physial veins drain the pituitary. The separation of the vascular beds of the 
median eminence and neurointermedia which is commonly found in birds and 
mammals, is not yet complete in the grass snake Natrix and this connection is 
maintained only by a few capillaries. 


The reptilian hypothalamus 
and neurohypophysis 


Roy[1975, from Roy(1976)] discussed the hypothalamus, neurosecretory 
system, ultrastructure, and experiments on hypothalamus in reptiles with particular 





304 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


reference to Calotes versicolor. The post-optic part of the hypothalamic floor 
gives rise to the neurohypophysis by an evagination of the posteroventral wall 
called the saccus infundibuli ( Wingstrand,1966). The base of the saccus infundi- 
buli corresponds to the infundibular stem. The median eminence js located 
between the chiasma and the saccus infundibuli; but an undifferentiated area 
remains in between the median eminence and the chiasma called the “pars oralis 
uberis” in the majority of reptiles. Majority of the neurosecretory fibres from 
the supraoptico-hypophysial tract end in the neural lobe having a close contact 
with the adenohypophysis and this has been called “distale adeno-neuro-hypo- 
physare Kontaktflache™ by Spatz er al.(1948) and Spatz(1953). The end of the 
saccus infundibuli becomes forked or T-shaped and thus produces a pair of 
primary branches (Wingstrand, 1951, 1959). The growth of the neural lobe 
takes place by thickening of the walls of the primary branches or nervous material 
diffusely migrates into the surrounding mesenchyma and thus a thick neural lobe 
is formed in the snakes and mammals where pituicytes are found. In sphenodon, 
many reptiles and birds, the neural lobe is thin walled with the presence of 
ependymal layer and without formation of free glia cells. The wall consists of 
an ependymal layer, intermediate fibre layer (coarse fibres of preoptic-hypophysial 
trect) and a superficial palisade layer having endings of neurosecretory axons 
and crossed by processes of ependymal cells. 


Median eminence : 


The median eminence of some lizards is thin with very little proliferation. 
It has got an inner ependymal layer, intermediate fibre layer and outer palisade 
layer covered by capillaries. There are few or no pituicytes. Some reptiles 
have thick median eminence and plenty of pituicytes and capillaries — 
into the wall. Snakes have a typical median eminence without pars (Uberalis. 
Remnants of the pars tuberalis are located in the sulcus tubero-infundibularis on 
the margin or outside the median eminence in lizards. Wingstrand(1966) there- 
fore said, “The contact with the pars tuberalis is thus a doubtful criterion for 
defining the eminentia.” Vascular contact(portal) between the eminentia and 
the adenohypophysis is present in the lizard and this forms a proximale neuro- 
adenohypophysare Kontaktflache of Spatz er al,(1948) and Spatz(1953, 1958). 
According to Spatz there are two zones of contact between the hypothalamus and 
the adenohypophysis. Pars tuberalis (infundibularis) of the adenohypophysis is 
closely applied to the ventral surface of the infundibulum. The other contact 
zone is between the infundibular process and the adenohypophysial pars inter- 
media. Detailed description has been given by Diepen( 1962). 


Hypothalamic nuclear masses in reptiles and fibre connections 
(Kappers et al., 1967) 


| ‘The preoptic area is continuous behind with the hypothalamic area without 
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The following nuclear masses are noted: the nucleus periventricularis hypo- 
thalami, the nucleus hypothalamicus anterior, the nucleus hypothalamicus lateralis 
and the nucleus hypothalamicus ventralis. 


At the anterior end of the hypothalamus deeply stained neurons of the peri- 
ventricular hypothalamic nucleus fuse with the interstitial cells of the olfactory 
projection tract. This nucleus is present throughout the whole extent of the 
hypothalamus. 


The lateral hypothalamic nucleus is situated in front of the habenular com- 
missure, ventral to the forebrain bundles and lateral to the periventricular hypo- 
thalamic nucleus. Posteriorly it extends slightly behind the habenular commis- 
sure. It consists of medium sized cells. Anteriorly this group is continuous as 
the anterior hypothalamic nucleus. These two groups receive forebrain fibres. 


The ventral hypothalamic nucleus is related to the ventral hypothalamic 
commissural system. At the posterior end of the hypothalamus there is a deeply 
staining compact nucleus which de Lange called the corpus mammillare because 
he could trace the fornix bundle to it and it was found to be connected with 
the anterior thalamic nucleus. It was regarded as the tractus mammillothala- 
micus or Vicq d’Azyr fasciculus. However, Kappers ef al.(1967) could not 
detect such a connection in the Alligator. Diepen(1962) showed in figure No. 82 
a and b (page 130) a horizontal section passing through the tuber cinereum and 
the caudal anlage of the corpus mammillare of Lacerta viridis, Bigger nerve 
cells within the medullated fibres are spoken of as the elements of nucleus 
mammillarıs lateralis of mammals. Possibility of smaller nerve cells lying near 
the ventricle in a group as anlage of medial mammillary nucleus is there. Similar 
obse: ‘ons have been made in the mammillary nucleus of Calotes versicolor. 


A fomix system from the projection cells of the hippocampal region to the 
hypothalamic areas has been described by many. On the medial wall of the 
hemisphere the basal olfactory centers are interconnected with the hypothalamic 
centers by hypothalamic component of the medial forebrain bundle (C. versicolor). 
“The amygdaloid complex, the nucleus of. the lateral olfactory tract and the piri- 
form lobe complex are interrelated with preoptic, hypothalamic, and perhaps 
midbrain areas by way of the stria terminalis and olfactory projection paths” 
(also in ©. versicolor). Striohypothalamic component of lateral forebrain fibres 
proceeds to the lateral and anterior hypothalamic nuclei. Connection of the 
| pothala areas with the tectum by periventricular systems is probable. 
Theri re also ascending hypothalamic fibres from lower centres. 











- Be ee 
4 — — system in reptiles 


e been described by Hild(1950, 1951), Diepen(1952, 1955), Barg- 
5), Ghiara( 954, 1956 and 1957), E. and B. Scharrer(1954). 
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The hypothalamo-hypophysial pathway starts from the supraoptic and para- 
ventricular nuclei in reptilia, The neurosecretory cells extend one of their pro- 
cesses towards the ventricular cavity. The neurosecretory perikarya in Reptilia 
äre not so prominent as noted in Anammiota and the secretory events in them 
are not so spectacular as noted in Teleostei and in anurous Batrachia (Gabe,1966). 
Bargmann er al.(1950) noted chrome haematexylin-positive secretion granules 
in the perinuclear regions of the supraoptic and paraventricular nuclei of Ophidia, 
Nissl bodies are located at the peripheral regions of the cytoplasm 
and Drager(1949) noted vacuoles in the same area, though the significance of 
them are not yet clear. 


The same groups of neurosecretory cells show more or less identical features 
in Lacertilia. 


In chelonians (Testudo graeca, and Emys europaea) the paraventricular 
nucleus is very large and long dendrites run from the cells towards the ventricular 
wall. 


The hypothalamo-hypophysial tract is formed by the convergence of the 
fibres from the neurosecretory cells. They proceed towards the floor of the 
third ventricle. The ventral wall of the infundibulum corresponds to the median 
eminence of homoiothermal vertebrates. There are ependymal, fibrous and 
glandular layers. 


Microscopic anatomy of the neurohypophysis in Reptilia shows wide varia- 
tions (Green,1951; Saint Girons,1961). The infundibular recess does not extend 
into the large neurohypophysis in Ophidia. This lobe is divided by connective 
tissue septa into small lobules. Mostly in other reptiles the infundibular recess 
enters into the neurohypophysis to a greater or lesser extent. Digitations proceed 
from the dorsoventrally flattened sac which contact with the adenohypophysial 
pars intermedia, The neurchypophysis contains neurosecretory products, termi- 
nations of the hypothalamo-hypophysial tract, and pituicytes. 


Oksche and Farner(1974) found that in birds numerous nerve cells produc- 
ing different types of elementary granules were situated outside the classical 
hypophysiotrophic zone of the tuber and in the parvocellular preoptic, supra- 
chiasmatic, and anterior hypothalamic regions, Oksche(1978) made a neuroana- 
tomical analysis of the reptilian (chelonian, crocodilian, lacertilian, and ophidian 
species) hypothalamus. Periventricular rows of nerve cells were observed in the 
preoptic region of the turtle, Clemmys leprosa. At more posterior levels of the 
hypothalamus there was diffuse lateral accumulation of cells also. There were 
differences in the distribution pattern of tuberal neurons in turtles (Geoemyda 
trijuga thermalis), crocodiles (Caiman crocodylus), lizards (Lacerta agilis), and 
snakes (Natrix natrix). In turtles and lizards periventricular rows of neurons 
dominate, Cluster-like arrangement of neurons is characteristic of media! and 
lateral tuberal nuclei of snakes (Colubridae, Elapidae). In Caiman crocodylus 
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the periventricular arrangement of neurons is found but local proliferation 
results in formation of well organized cell clusters in lateral nuclear areas. 
Oksche(1978) concluded, “In our opinion the cluster-like subunits of hypothala- 
mic nuclei consist not only of cells elaborating different types of neurohormones 
and neurotransmitter-like substances but also of steroid receptors (hormone 
concentrating elements), interneurons, intrinsic collaterals and afferents of differ- 
ing origin. All of these elements are arranged in a patterned manner according 
to the general morphologic Bauplan of the hypothalamus.” 


Doerr-Schott and Dubois(1978) could localise different peptidergic substances 
in the brain of reptiles immunohistochemically, LHRH-like substance was 
found in the median eminence of Lacerta muralis, Immunopositive cells were 
observed in the dorsal cortex of the telencephalon near the anterior ends of the 
lateral ventricles. LHRH + fibres could not be detected definitely. 


SRIF-like substance has been detected in some neurons of the paraventri- 
cular nucleus, in the hypothalamo-hypophysial tracts and in the median eminence 
of Lacerta muralis. No immunopositive cell was found in the supraoptic 
nucleus. 


Ultrastructure of the neurosecretory system in reptilia 


Murakami(1961) studied the neurosecretory cells in the hypothalamus of 
the lacertilian, Geco japonicus. The preoptic nucleus of Geco consisted of big 
neurosecretory cells which showed considerable development of ergastoplasm. 
They contained osmiophilic secretory granules. The clefts between the ns cells 
and the neuroglial cells or other neurons measured between 100 and 150 A. The 
ergastoplasm is irregular; sacs of different sizes occupy the position of the lamellar 
structure. The sacs contain structures of about 4000A in diameter. These 
structures are composed of intense osmiophilic granules of diameters ranging 
between 900 and 1200 A. These are thought to be neurosecretory granules. The 
granules are separated from the ergastoplasmic membranes by a clear space 
The Golgi apparatus is juxtanuclearly situated. Cisternae, vacuoles and vesicles 
have been recognized which contain osmiophilic granular inclusions. The chon- 
driomes are of usual appearance. 


‚Chondriosomes, elementary granules and inclusions as noted in the Golgi 





oC —* ) ex of of the perikarya, have also been noted in the hypothalamo-hypophysial 
reticulum and ribosomes have, however, not been noted in 
this | ‘loetion by Murakami(1961) 


ey a ve: 







nic. I, electron microscopic and phermacologic studies on the median 


‚positive neurosecretory material has been noted in the 
ırohypophysis and the external layer of the median 
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eminence of the frog (Rana catesbeiana), turtle (Clammvs japonica) and birds 
(pigeon, grass parakeet). Neurohaemal regions exist in the fish neurohypophysis 
and the median eminence of the frog where axon endings contain large electron- 
dense neurosecretory granules(about 1400A) and synaptic vesicle-like structures, 
A few axon endings are seen here which contain small electron-dense granules 
(about 800A) and synaptic vesicle-like structures. The axon endings in the 
median eminence of the turtle and birds contain few large electron-dense granules 
but plenty of small electron-dense granules, In the mouse and the rat few 
aldehyde fuchsin-positive neurosecretory axons are seen in the external layer of 
the median eminence. But there are many axon bulbs containing small electron- 
dense granules and synaptic vesicle-like structures. Axon endings having large 
electron-dense granules are rarely found in this layer of the median eminence 
Axon endings containing mostly synaptic vesicle-like structures were also thought 
to be present in the median eminence and the pars nervosa of the animals. 


Small electron-dense granules (about SOOA) in the external layer of the 
median eminence of the mouse and rat may be carriers of catecholamines 
(Kobayashi, 1965). Granules in the supraoptico-hypophysial tract and in the 
pars nervosa are much larger than the small electron-dense granules in the median 
eminence. Large electron-dense granules are neurosecretory granules which 
carry neurohypophysial hormones. Small electron-dense granules of the neuro- 
hypophysis of the fish and of the external layer of the median eminence of the 
turtle and birds may be carriers of catecholamines. Same axon terminals in the 
median eminence may contain both catecholamine granules and synaptic vesicle- 
like structures containing acetylcholine. Arrangement of the synaptic vesicle- 
like structures may vary from diffuse type to cluster type in the axon bulbs; 
clusters aggregate against the inner surface of the membrane of the axon bulb 
Which is situated against the pericapillary connective tissue space. ‘These 
active points may be involved in the permeability changes of the membranes of 
the axon bulbs through the release of ACh, thus facilitating, directly or indirectly, 
the passage of neurohypophysial hormones or catecholamines through the mem- 
brane. Bulbs containing few empty large or small granules have smaller 
number of synaptic vesicle-like structures whereas bulbs containing many large 
or small electron-dense granules are associated with many synaptic vesicle-like 
structures, 


Kobayashi(1965) thought that the adenohypophysial hormone-teleasing 
factors are present in granules of the same size as either the large or small 


The neurohypophysis in Reptilia (ophidian Nafrix natrix) contain unmyeli- 
nated fibres with cytoplasm containing elementary granules of diameter ranging 


from 1500 to 3000A. chondriosomes and neurofilaments (Bargmann, Knoop and 


‘Thicl,1957). The cytoplasm of the pituicytes has much larger inclusions ' 
have a tendency to disintegrate and thereby produce lamellar formati 












> — — —— 





THE PITUITARY OF REPTILES 309 
* Experiments on the hypothalamus of reptiles 
— Callard and Willard(1969) studied the effects of intrahypothalamic beta- 


methazone implants on adrenal function in male Sceloporus cyunogenys, The 
findings suggest that the hypothalamus contains steroid-sensitive receptor cells 
which control adrenal size through the anterior pituitary gland. 


Plasma corticosterone levels in the male iguanid lizard Sceloporus cyanogenys 
were noted by Daugherty and Callard(1972) under various physiological condi- 
tions. Control baseline levels of the steroid in plasma were significantly 
decreased by hypophysectomy, adrenalectomy, hypothalamic lesions and cyano- 
ketone. Levels were increased after treatment with mammalian ACTH in both 
intact and hypophysectomized lizards. 


* Experimental results in Calotes versicolor(personal observations) Roy(1975) 
Experimental conditions Plasma corticosterone level 
l. Mammalian ACTH(2 IU/animal)31°C Rise at 4 hr. 
2. ACTH injection in hypophysectomized Rise at I hr. from a low level. 


animals (8 days). 
3. ACTH in dexamethasone-blocked animals. Rise at 4 hr. 
4. Metyrapone injection (total 60 mg. in Hypertrophy of adrenal glands. 


= 7 days). 
=f Hypophysectomy Sia oo Fall 
6. Adrenalectomy * .. Fall 
a: - 7. Betamethazone implants in the hypo- Fall 


thalamus (ventromedial nucleus and in- 
fundibular nucleus) and median eminence. 


8, Stress (fracture of rt. femur*) Rise 
9, (a) Stimulation of the hippocampus ... Fall 
(b) Stimulation of the hippocampus Rise (insignificant) 
+stress(*). à : 
10. (a) Lesion of the hippocampus Kise 
(b) * of the hippocampus+stress Further rise 
Pe 


re, rper palit x 
1. Stimulation of ventromedial nucleus, in- Rise 
i E. . 
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Experimental conditions Plasma corticosterone level 
12. Lesion of the abovementioned areas Fall u 
13. Stimulation of septal area a: Fall 
14. Lesion of septal area —* oo Rise 
15. Stimulation of archistriatum s» Riso 
16. Lesion of archistriatum at » Fall 


17, Pituitary grafts in the mediobasal hypo- Grafts well maintained and 
thalamus (ventromedial nucleus, infundi- rise in plasma corticosterone 
bular nucleus) and median eminence. level. 


is. „ +stress (*) «+ Further rise 


Roy(1958) stressed the importance of the hypophysioportal circulation in 
the control of the anterior pituitary by the median eminence and hypothalamus 
with special reference to the adrenocortical function in the garden lizard, Calotes 
versicolor and changes in them after different forms of stress(fracture, scald and 
ether anaesthesia), 


Calotes versicolor has got well-marked median eminence and the primary 
capillary net of the portal vessels is partly within it and partly on the surface of 
it. Through the pars terminalis the portal vessels enter into the pars distalis x 
where they break up into secondary capillary net. On the surface of the median 
eminence there are basophilic cells similar to those noted in pars tuberalis. 
Investigations of Wingstrand(1951) made him believe that the pars tuberalis 










lizards (Roy,1958). The direction of flow of blood in t 
containing neurosecretory substance are end aro 
—— the portion of the infundibulum which 
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(a) in the neurosecretory cells of the hypothalamus as granules and along 
5 the axons of the cells. 
— (b) in the extracellular spaces, 
(c) towards the adjoining ventricle. 
(d) upward extension from the hypothalamic level. 
(e) neural lobe of the pituitary, 
(f) in the richly vascularized median eminence region. 


Stress led to depletion of neurosecretory substance. The restorative phase 
occurred after some time, The vacuolar change in the neurosecretory cells is 
most commonly met with after stress, 


The interrenal cells are small and contain lipid. The gland is very vascular. 
Stress leads to congestion of the organ and loss of sudanophilic substance from 
the interrenal cells. Vacuolar change in these cells has also been noted after 
stress. 


Comparison of the neurohypophysis and its innervation in birds, reptiles, 
mammals and lower vertebrates (Wingstrand,1951) 


The neural lobe is formed by proliferation of the top of the saccus infundi- 
buli in mammals, birds and reptiles and it is homologous throughout. Green(1947, 
1951) defined the median eminence as a part of the neurohypophysis which is 
coextensive with the primary capillary net of the hypophysioportal system having 
a typical histological appearance. 

Nowakowski( 1951) defined the “infundibulum” of the cat as a part of the 
diencephalic floor which coextends withthe pars tuberalis. The “infundibulum” 
is delimited by a sulcus infundibularisfrom the surroundings and has a charac- 
teristic histological structure differing from the nearby parts of the brain. Dense 

= capillary net is on the surface of it. This area corresponds well with the median 
eminence as described by Green and Wingstrand (Wingstrand,1951). 


- Nowakowski's infundibulum (median eminence) may be coextensive with 
the pars tuberalis ‘in the cat and some other mammals, but it is not so in all 
mammals. The pars tuberalis extends high up by the sides of the tuber cinereum 
in birds but it is frequently absent from the central and most typical parts of 
the median eminence. Pars tuberalis is not present in snakes, but they have a 
distinct and typical eminentia with characteristic histological structure and 

ascularization. Distinct sulcus infundibularis is absent in many reptiles and 

—- Wingstrand( 951) — the median eminence as that part of the dience- 

i ph lic floor w i c 1 is is coextensive with the primary plexus ‘of the hypophysioportal 
‚system of blood ves * end by a superficial glandular layer. 
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eminence of the adult cat covers most of this surface except a small part just 
behind the chiasma, Neurohypophysial structure is not found in this part and 
it is called pars oralis tuberis by Nowakowski(1951). In birds the whole ventral 
wall from the chiasma to the saccus is differentiated as a median eminence 
except in the duck and goose, in which case a small pars oralis tuberis is noted 
just behind the chiasma. In reptiles (lizards and snakes) a very small part of 
the postoptic diencephalic floor forms the median eminence and therefore the 
pars oralis tuberis extends more caudally. In the amphibians the pars oralis 
tuberis is very large as the median eminence is a small portion near the pituitary. 


Wingstrand(1951) concluded, “Nowakowski’s infundibulum is the same as 
my eminentia mediana, his radix infundibuli is my transitional zones, his pars 
infundibularis is my pars tuberalis, and his Zwischenstuck is ıny infundibular 
stem.” 


Nowakowski’s external or peripheral zone of the median eminence is the 
same as the glandular zone of Wingstrand and his central zone is the same as 
Wingstrand’s fibre layer and ependymal layer. 


Nowakowski’s peripheral zone is innervated by delicate fibres from the 
nearby parts of the tuber nuclei, the nuclei tuberis infundibularis, These nuclei 
correspond to the ventral parts or more of the nuclei tuberis in birds. 


The peripheral zone of the cat median eminence has little or nothing to do 
with the neurosecretory neurons of the tr, supraoptico-hypophysiüs, which mainly 
terminates in the Hinterlappen (neural lobe). The Radix infundibuli is a 
transitional zone between the infundibulum and the tuber cinereum. The surface 
of this area has a neurohypophysial structure and the nucleus tuberis is situated 
in deeper layers. 


In the neurohypophysis of the teleosts there are non-neurosecretory and 
neurosecretory fibres and glia cells. Most of the neurosecretory fibres pass to 
the meta-adenohypophysis and a few may pass into the pro- and mesoadenohypo- 
physis. Fibres to mesoadenohypophysis are distinct. Diepen(1962) thinks that 
the anterior ramifications of the neurohypophysis consisting mainly of non- 
neurosecretory fibres should be considered as modified median eminence (infun- 
dibulum) as these form a type of proximal adenoneurohypophysial contact. 


In most cases the pituitary gland is supplied by vessels entering around the 
stem of the neurohypophysis and ramifying along its branches to all parts of the 
adenohypophysis. Direct arterial supply into the pro and mesoadenohypophysis 
has also been noted. Vessels may originate from a ring artery around the stem. 
On the way to the pituitary, some capillaries or capillary system may be in 
Sct: Seats “with sonnets peteine mar Seh: Maes, Dany see 
ramifications of the neurohypophysis (Wingstrand,1966). 


ea der homologies of the teleost neurohypophysis 
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mainly by the saccus vasculosus of adult teleosts. In the caudal ramifications 
of the teleost neurohypophysis there is neurosecretory substance, suggesting 
thereby that this part is the functional equivalent of the neural lobe. Thus, 
when comparing the basic morphological pattern in the neurohypophysial regions 
of teleosts and amniotes, the neural lobe of amniotes may be homologized with 
the saccus vasculosus of fish, On the other hand, when the functional system 
of the neural lobe with its neurosecretory nerve endings is considered 
the neural lobe of amniotes may be compared with the neurosecretory part of 
the neurohypophysis of fish, although the latter is situated far in front of the 
embryonic saccus infundibuli in some species (Wingstrand, 1966). 


The suprachiasmatic nucleus 


It contains vasopressin and its specific neurophysin in the rodent but this 
nucleus could not be identified in the suprachiasmatic region in man. 


Inthe releost suprachiasmatic (nucleus opticus hypothalamicus) nucleus 
has been reported. In the reprilian preoptic hypothalamus, a diffuse nucleus pre- 
opticus lateralis can be identified more ventrally. This is the lateral preoptic 
and lateral hypothalamic regions of Crosby and Showers(1969). The area pre- 
optica medialis, nucleus suprachiasmaticus, area hypothalamica anterior and 
nucleus hypothalamicus arcuatus can be considered as periventricular cell popu- 
lation. In the preoptic region of the avian hypothalamus, the nucleus preopticus 
paraventricularis inferior corresponds to the nucleus suprachiasmaticus of Crosby 
and Showers(1969), The nucleus preopticus medialis, situated dorsal to the 
Optic chiasma may also be a part of the suprachiasmatic nucleus, at least in the 
reptilian Caiman (Kuhlenbeck, 1977). 


Degenerating terminals have been noted in the region of the suprachiasmatic 
nucleus in lemon shark, fish, snake, duck, bird, duckbill platypus, hamster, rat, 
dnd in the cat after eye enucleation or optic nerve section (for references see 
Joseph and Knigge,1978). 


The hypothalamic—pineal neural circuit (Klein,1979 ; Moore,1979). 


Axons are projected from the suprachiasmatic nucleus to the retrochiasmatic 
hypothalamus, The neural circuit passes through the medial forebrain bundle 
and the midbrain reticular formation to the upper thoracic intermediolateral cell 
column. Preganglionic input to the superior cervical ganglia of the sympathetic 
nervous system is provided by the cells in the latter structures. Projections 
from the cells in the superior cervical ganglion pass into the pineal gland. 
Fibres form a dense network or plexus in the gland forming synaptic junctions 
or the: tmnamittos substanco in released into the perivascular 


Mil there have not yet been any corte studies regarding the importane 
ge nig — ei Me reply x podi: roviow of: the structure 
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and functions of the nucleus in the mammals has been made by R. Y. Moore 
(1979) (In Endocrine Rhythms, edited by D. T. Krieger. Raven Press, 
New York. pp. 63). 


Structure 


The suprachiasmatic nucleus, as its name signifies, is located just above the 
optic chiasma and it lies ventrolateral to the third ventricle. 1.6mm*0.6mm in 
size, the suprachiasmatic nucleus contains cells which have centrally placed 
nucleus and scanty, lightly staining cytoplasm. The nucleolus is eccentrically 
located within the nucleus of the cells. The cell types vary in the different parts 
of the suprachiasmatic nucleus, viz., the rostral one-fourth and the caudal three- 
fourths. In the caudal part, again, the cells are of varying nature in the dorso- 
medial and the ventrolateral aspects. The rostral one-fourth receives no visual 
projections. In the caudal part the visual projections are predominantly located 
only in the ventrolateral portion. When the suprachiasmatic nuclei of the two 
sides are considered together, the ipsilateral nucleus receives only half the 
number of visual fibres than the contralateral nucleus. 


Connections 


The afferent and efferent connections of the suprachiasmatic nucleus have 
been widely studied. 


There are two confirmed afferent projections. The first of these are the 
serotonin-containing fibres. The origin of these fibres is in the nucleus centralis 
superior of the median raphe. Descending fibres from the anterior hypothalamic 
area (including the anterior part of the periventricular nucleus) and ascending 
fibres from the tuberal hypothalamic area are also believed to be contributing to 
the serotonin-containing terminals. The second of the afferent projections is an 
indirect visual projection from the ventral lateral geniculate nucleus. Apart 
from these two confirmed projections, two other afferent projections to the 
suprachiasmatic nucleus are believed to exist. Firstly, there is the possibility 
of a norepinephrine-containing terminals; these arise in the brainstem and 
terminate in the dense capsule of the suprachiasmatic nucleus. Secondly, medial 
cortical hypothalamic projection(arising from the hippocampal formation) 
possibly gets connections with the capsule of the suprachiasmatic nucleus on its 
way to the neighbourhood of the arcuate nucleus. This latter projection is 
important in view of the role of the hippocampus as an adrenal corticoid receptor. 

From the study of the afferent connections it appears that the suprachiasmatic 
nucleus, apart from being influenced by the visual pathway, is also concerned 
re ee ee 
_ trophin-releasing factor. 

As egards the fern Ses of the ae the axons take a dorsal and 
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7 Studies, however, have shown that the fibres extend to the periventricular area 
through the retrochiasmatic region and to the tuberal hypothalamus as far as the 
~ Caudal border of the ventromedial nucleus. The axons form a dense bundle in 
the periventricular region rostrally but on reaching the level of the arcuate 
nucleus they spread into the ventral tuberal area, some of them terminating in 
the arcuate nucleus and eminence. This ventral tuberal area has been found 
to send efferents to the lateral hypothalamic area. This latter area has been 
shown to project directly on the brainstem and the upper thoracic spinal cord 

(in the intermediate lateral cell column). 


From the study of the efferent fibres, which is not as conclusive as the 
afferents, it appears that the suprachiasmatic nucleus can affect both hypothalamo- 
pituitary functions and functions dependent upon the descending projections to 

, the brainstem and spinal cord. 


Functions and relationship to circadian endocrine rhythms. 


It has been finally established that the retinohypothalamic projection ter- 
minating in the suprachiasmatic nucleus mediates the effects of light in the 
entrainment of circadian rhythms. It is also believed by many workers on 
the basis of different ablation experiments, that the nucleus represents an important 
component of the central neural circadian oscillating mechanisms. Studies on the 
effects of careful ablation of the suprachiasmatic nucleus have been carried out 
by many workers with a view to finding out the role of the nucleus in the 
circadian endocrine rhythms. All the experiments carried on the rodents have 

x shown that ablation leads to loss of circadian rhythmicity. It has also been 
found by some workers that oestrous cycling and photoperiodic photosensitivity 
are abolished by suprachiasmatic nucleus ablation in the hamsters. Experi- 
ments on rats have revealed that ablation of the nucleus causes loss of oestrous 

“ cycling, loss of ovulation, loss of the circadian rhythm in serum corticosterone 
as well as loss of the circadian rhythm in pineal serotonin N-acetyltransferase. 
These observations on the oestrous cycle in both the rat and the hamster are of 
‘special importance in that it is now evident that the oestrous cycle is possibly 
dependent upon a series of circadian events. Also, observations on hamsters 
have shown that testicular responses to photoperiod are blocked by suprachias- 
matic nucleus ablation, These observations, viz, the effects on oestrous cycling 
and ovulation on one hand and the effects on testicular responses to photoperiod 
on the other, definitely prove that all endocrine rhythms that are dependent upon 
RE circadian mechanisms are abolished by ablation of the suprachiasmatic nucleus. 


Riel! ai Median eminence of the “reptiles - 


iF Hie ungeheuer a thick fibre layer having nsm 
| and pitui e and an outermost palisade layer, The outermost layer is highly 









ılar, AF-positive axons are plenty in the median eminence. No Cajal- 
€ fibre tive en oea em ne eter par he median ee 





m -y ’ 4 
> i - g g Bca T A . 4 m > g + 
Pace ie ae) an oo, & Pr u ås. Sy See u Yak! 





CENTRAL LIBRARY 


316 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


of the lizard. Rich plexus of nerve fibres are found in the external zone of the 
median eminence when stained after the silver chromate method of Golgi 
(Rodriguez,1972). He could find in the lizard nervous elements interposed 
between the lumen of the third ventricle and portal vessels. These bipolar cells 
are situated in the floor and in the ventral end of the lateral walis of the infun- 
dibular recess, The cell bodies may be located in the ependymal or sub- 
ependymal layer. The may be neurons, ependymal cells or a. special nervous 
element, They are somehow involved in the OPPONA SNCS ORE yaa 
interrelationships. 


Kobayashi and Matsui(1969) described the chelonian median eminence in 
the turtle Clemmys japonica (figs. 13.6, 13.7, 13.8, 13.9, 13.10), The fiber layer 
consists of hypothalamoneurohypophysial tract containing nsm and glia cells. 
The palisade layer is well developed. The median eminence has got an anterior 
and a posterior part as in the birds. Kobayashi(1975) found ependymal pro- 
cesses in the lizard (Lacerta tachydromoides) apparently interposed between the 
neurosecretory axon endings and the capillaries of the primary plexus. If in the 
white crowned sparrow (Bern er al.,1966), -crested newt (Fasolo er al.,1973), and 
in the lizard all the neurohormone-secreting axon endings terminate on the 
ependymal processes surrounding the capillaries, the hormones presumably must 
pass through or between these processes to enter the capillaries. In this case, 
the ependymal cells could play a role in the release of neurohormones. Both 
ependymal processes and neurosecretory axons terminate on the capillaries. 
Their number varies from species to species (Oota er al.,1974). There are four 
possibilities : 


(a) the neurosecretory axons secrete neurohormones directly into the 
capillaries and there is no necessity of ependymal cells for the release 
of neurohormones into the capillaries. 


(b) ependymal cells mediate in the release. of neurohormones into the 
capillaries. 


(c) ependymal processes store neurohormones temporarily after ‘release 
from the axons. 
(d) ependymal cells may change the nature of the material released from 


axons: before: KB -fnil passage: into the portal capiiasas. 


Ependymal absorption of hormones, releasing factors, and other substances 
takes place from. the ventricle and their release into the portal vessels occurs. 
Presumed monoaminergic axons of the median eminence form synapses with the 
ependymal cells. The absorptive function of the ependymal cells is under inhi- 
bitory control of monoaminergic axons (Kobayashi,1975). 


Kobayashi and Matsui(1969) and Urano(1972) found plenty of AF positive 
nsm in anterior — — the turile but with very little of it in the 
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i20 om in diameter have contacts with other nerve fibres Three types of neu- 
rosecretory fibres end on the portal capillaries near the surface in the palisade 


layer of the anterior median eminence 


= = 





Fig 136. Inner layer of median eminence of the turle, Geoclemys reevesi x 17000 
Courtesy of Professor Kobayashi and Dr. Tsunmeki( 1977) 

Type A fibres (secretory granules of 120 nm and 150 nm in diameter) carry 
neurohypophysial octapeptides. Type B (aminergic) fibres have 100 nm granules 
and they proceed from the infundibular nucleus. There are clear synapric vesicles 
of 50 nm in diameter in all the three axonal endings. Axonal endings of the 
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fourth type contain only clear synaptic vesicles. They may be cholinergic. 
Urano(1972) found the posterior median eminence of Clemmys japonica to have 





Fig. 13.7. Inner layer of median eminence of che turtle, Geoclemys reevesii. X 17000. 
Courtesy ‘of Professor Kobayashi and Dr. Tsuneki(1977). 


plenty of monoamine oxidase positive fibres. They end on the primary capillary 
plexus of this division, Few such fibres are noted in the anterior median 
eminence. 

Neural lobe of the 


reptiles 


Four types of fibres were described by Rodriguez and La Pointe(1969) in 
the neural lobe of lizard. There is also a fifth type. 
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Type I—has small vesicles of 40 nm 


Type Il—has dense granules of about 100 nm 





Fig. 138. Outer layer of median eminence of the turtle, Geoclemys reevesii x 17100. 
Courtesy of Professor Kobayashi and Dr. Tsuneki(1977) 


Type Ill—contains dense granules of about 150 to 180 nm. 
Type IV—has granules of very low electron density and of about 200 nm. 
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Type V—contains dense granules of about 130 nm (Rodriguez,1971: in 
K lauhe rinu rıversuma) 





Fig. 13.9. Outer layer of median eminence of the turtle, Geoclemys roevesii. x 17100, 
Courtesy of Professor Kobayashi and Dr. Tsuneki(1977). 


Type Ll axons are most numerous and the ratio between the number of 
type II and types IV & V varies from 2:1 to 4:1. Type I axons are more 
numerous than type IT axons. 
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The ependymal processes of the lizard neural lobe are straight and perpendi- 
cular to the vascular septum. Perivascular cuff is formed by the ependymal 
process-endings separating the nerve endings from the blood vessels The cuff 
is a Complete ependymal barrier, Plenty of microvilli are projected into the 
infundibular recess from the ependymal cells. | 

. 





Fig. 13.10. Top layer of the median eminence of the turtle, Geoclemys revesii. x 10700. 
Pars tuberalis is seen in the lower right corner. Courtesy of Professor 
Kobayashi and Dr. Tsuneki(1977). 


No connective tissue cells are found in the neural lobes. 


The neural lobes of lizard contain both electron-dense and pale neuro- 
secretory granules. They represent two types of granules(Rodriguez,1971). 150 
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to 180 nm granules store AVT (arginine vasotocin). 130 nm granules are 
likely to store mesotocin. The third type of granules in the lizard neural lobe 
(pale granules of 160-220 nm in diameter) store oxytocin, 


Weatherhead(1971) described the neural lobe of Sphenodon. The neural 
lobe cavity is lined by ependymal cells. The cells are conical or flattened and 
they have lipoidal bodies. The ependymal cells have basal processes which in 
groups cross the neural iobe at right angles or obliquely to enter the neuro- 
intermedia septum. Ependymal end-feet are formed on the septum. The end 
feet form a discontinuous layer between the neural lobe and the basement mem- 
brane of the plexus intermedius. The plexus is formed by branches of the 
hypophysial artery and there is no capillary supply to the neural lobe. The 
ependymal end feet form a continuous laver in the infundibular stem. Ultra- 
structurally the ependymal! cells have irregular processes and microvilli towards 
the infundibular recess. The basal processes have mitochondria, fine fibrils and 
end feet. 


A fibre layer is seen under the ependymal layer, Pituicytes are absent and 
there are plenty of type Al fibres (secretory granules of 157.5 nm in diameter) 
and type A2 fibres (secretory granules of 200 nm). The secretory granules in 
type A2 fibres are less electron-dense and more irregular. Occasionally typeB 
fibres are met with. They have dense core vesicles and there is a space between 
the granule and the membrane. Diameter of the vesicles is 80 nm. All these 
fibres contain synaptic vesicles(50 nm in diameter) in addition to the secretory 
granules. Another type of fibre is sometimes met with which contains only 
electronlucent synaptic vesicles of 50 nm in diameter (type C fibres). In the 
fibre layer the most preponderant structure is that of non-neurosecretory nerve 
fibres. They contain neurotubules and neurofilaments. Type A(Al) is more 
common in the inner palisade layer and types Al, A2, B, C fibres have 
contact with the pericapillary space of the plexus intermedius, Types Al and 
B are the commonest types here and type A2 is rare. Type B fibres are also 
rare and they have synaptoid contacts with the ependymal basal processes and 
end feet. Pericapillary space contains connective tissue cells eg. collagen fibres 
and fibroblasts. 


Endothelium of the plexus intermedius is apparently not fenestrated. The 
endothelial cells contain pinocytotic vesicles, rough endoplasmic reticulum and 
mitochondria. The neurosecretory material reaches the neurai lobe through 
the capillaries of the plexus intermedius. 


Guillette, Jr.(1979) presented the first report of arginine vasotocin (AVT) 
being used for the purpose of induction of birth in a viviparous lizard (Scelo- 
porus jarrovi. AVT may take up an active role in reptilian oviposition or 
partu . AVT and mesotocin have been detected by Acher er al.(1972) in 
I. iguana. Oxytocin has not been isolated by them. 
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Vasotocin immunoreactive neurons were observed by Gabrion et al. 1978) 
in the perichiasmatic area of Naefrixviperinus and Malpolon monspessulanus. 
These neurons were also found to be aggregated in front of the optic chiasma, 
Reactions were more prominent in N. viperinus than in M. monspessulanus, 
Immunofluorescent axons were situated in the superficial ventromedial hypo- 
thalamus. In the rostral median eminence the immunoreactive external bundle 
reached the surface of the median eminence. The most internal bundle extended 
to the neural lobe through the caudal median eminence. Strong fluorescence 
was noted in the neural lobe. 


Reptilian pars intermedia 


MSH is produced in this part of the gland, Wingstrand(1951) observed 
considerable differences in the cytology of the intermedia when different species 
of lower vertebrates were compared. Wingstrand(1966) said, “This is hardly 
in harmony with the common belief that MSH production is the only function 
in all forms, It may, on the other hand, indicate that our cytochemical and 
cytological methods emphasize differences which are of little importance for the 
production of melanophore-dispersing substances.” 


Intermedia cells are usually polygonal or prismatic but slender ependyma- 
like cells are present along with rounded cells in some mammals. This is the 
prominent cell type in gecko (Tarentula). There is a vesicular nucleus, 
nucleolus and mitochondria and they look very similar to the basophils of the 
pars distalis. Golgi apparatus is present in the lizard Anolis. Bargmann, Knoop and 
Thiel(1957) observed a typical ergastoplasm with densely packed, rough-surfaced 
sacs in the intermedia cells of the snake Tropidonatus. 


Zuber-Vogeli ef al.(1979) found two types of cells in the intermediate lobe 
of Uromastix acanthinurus : one with very few granules and the other with plenty 
of granules which are PAS+ and mauve coloured with Azan and Cleveland- 
Wolfe. Mohanty and Naik(1979) observed dark cells and light cells in the 
pars intermedia of the skink. Both cell types are PAS+ and AB—. Light cells are 
weakly stained by PbH. Dark cells are moderately PhH+ and MB—. This 
cell type shows changes after subtotal adrenalectomy and after metopirone 
administration. It may be related to ACTH secretion. 


The cytoplasmic granules are strongly acidophilic in snakes(Sieler, 1936; 
Wingstrand,1951; Green,1951), Similar acidophilic cells have been found in 
some lizards (Varanus, Agama) by Wingstrand(1966). an intermedia cells of 





other lizards are basophilic or chromophobic and Wingstrand(1951) found the 
intermedia cells of gecko Tarenrula to be strongly stair 
acid dyes. 


Ultrastructurally the acidophilic granules of the snake pituitary are much 
larger, 4000 to 6000 A (Bargmann, Knoop and Thiel,1957). In reptiles these 


by both basic and 
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are concentrated at the end of the cell which has a contact with the basement 
membrane and there is a marked polarity regarding the distribution of other 
organelles. 


The secretory granules contain glycoproteins. They are PAS+, AF+ and 
Krezofuchsin and resorcin-fuchsin positive. 


Bargmann, Knoop and Thiel(1957) observed large lipoid containing inclu- 
sions in the shape of osmiophilic flakes in the intermedia of the snake Tropido- 
nous ultrastructurally. 


Pandalai(1966) did not observe neurosecretory nerve fibres or nsm in the 
pars intermedia of garden lizard (Calotes versicolor), NSM circulates in the pars 
intermedia through blood. Shanta Nayar and Pandalai(1963) found an accumu- 
lation of an acidophilic colloid hormone in the pars intermedia when the animal 
was subjected to controlled light intensities and background colorations, In 
chronic experiments (6-7 days of continuous illumination against a black back- 
ground; or 6-7 days after bilateral enucleation of the eyes) the colloid droplets 
burst through the cell membrane and are freely situated in the extracellular spaces 
The acidophil colloid contains MSH. 


Degenerative changes have been noted after dehydration in the paraven- 
tricular nucleus of the wall-lizard Hemidactylus brookt, 


Rodriguez, La Pointe and Dellman(1971) did not find AF + nerve fibres 
in the pars intermedia of the lizard Klauberina riversiana. Nerve fibres of any 
kind could not be observed in the pars intermedia of this species. 


Glandular cells of pars intermedia of Klauberina showed changes after 
transection of the infundibulum. Majority of the granules were partially or 
completely depleted of their electron-dense contents. Amidst these depleted 
granules there were only a few small and very dense granules, The capillaries 
of the vascular septum are collapsed in normal animals but they become dilated 
after the operation. Pars intermedia cells are normally deeply stained with 
toluidineblue but after transection the staining is very faint. The pars inter- 
media of animals kept on a black background under constant illumination showed 
changes identical with those observed after transection of the infundibulum. 
In the few transected lizards significant dispersion of the skin melanophores 
occurred only two or three days after the operation. 


The reptilian (lizard) intermediate lobes are not innervated. The experi- 
ments and findings mentioned above suggest that the lizard pars intermedia is 
under inhibitory nervous control by fibres coming from the infundibulum. These 
fibres do not reach the pars intermedia. In the lizard Types A and B fibres 
would release their active principles into the uninterrupted vascular septum. 
From this place they would reach the pars intermedia cells. The control thus 
seems to be neurovascular. 
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Urano(1972) found monoamine oxidase activity in the pars intermedia 
cells of the turtle (Clemmys japonica) and the fibres in between the cells were 
aminergic, sometimes having contact with them. 


Weatherhead(1978) described the comparative cytology of the neurointer- 
mediate lobe of the reptilian pituitary. 


Levitin(1980) obtained results to indicate that serotonin (5-HT) is a phy- 
siological melanocyte-stimulating hormone-releasing factor in the lizard Anolis 
carolinensis. Levitin(1980) suggested that a serotoninergic stimulatory, and a 
dopaminergic - inhibitory, mechanism controls the release of MSH from the pars 
intermedia of the Anolis pituitary gland. 


Pars intermedia of rats 


L. A. Sternberger(1974) in his book, “Immunocytochemistry” (Publisher : 
Prentice-Hall, Inc., Englewood Cliffs, N. J.) (pp. 160-169) stressed the importance 
of the works of G. C. Moriarty and N. S. Halmi (J. Histochem. Cytochem. 20, 
590, 1972, and Z. Zellforsch. 732, I, 1972). The authors studied the formation 
and distribution of corticotrophin (ACTH) in the anterior and intermediate lobes 
of the rat pituitary. They used dilutions of rabbit antiserum to the 17-39 peptide 
of ACTH (§p17-39) and the unlabeled antibody enzyme method on Araldite sec- 

Aions. Intermediate lobe secretes ACTH and MSH. The ßp17-39 ACTH, unlike 
f the whole ACTH molecule, possesses no cross-reactivity with MSH. 


ACTH in the anterior lobe and the intermediate lobe can be compared on 
the same section at the areas where the anterior lobe interdigitates with the 
intermediate lobe. In the anterior lobe ACTH cells are small in-number. All 
cells of the intermediate lobe contain specifically staining granules except the 
cuboidal or flattened epithelial cells bordering the lobules. The granules in the 
stellate ACTH cells of the anterior lobe are distributed at the periphery. These 
cells are in contact with the capillaries. In the intermediate lobe the secretion 
granules have no relationship to capillaries because the vascularization of this 
lobe is poor. The granules are situated at least at one pole of the cytoplasm. The 
concentration of ACTH per granule is higher in the intermediate than in the 
‚anterior lobe, The granules in the anterior lobe are of uniform size. Each 
granule stains uniformly, The granules in the intermediate lobe are heteroge- 
“neous in size and ACTH within individual granules is not uniform, Golgi zone 
* s ACTH in the anterior lobe, while it is — free of ACTH in the 

Mars} lobe. 
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Five different chromophilic cell types are found in the pars distalis. | 
Eyeson(1970) and Holmes and Ball(1974) group them as acidophils type 1, 
acidophils type 2, basophils type 1, basophils type 2, and basophils type 3. 
Chromophobes are found in different proportions, They are rare in anguid 
lizards and plenty in lacertid and iguanid lizards (Saint-Girons,1967; 1970). 
Mohanty and Naik(1979) however, identified two types of acidophilic (Al and 
A2) and four types of mucoid (Bl, B2, B3, B4) cells in the pars distals of the 
scincid lizard, Mabuya carinata (Schneider). B3 and B4 cells were lead-haema- 
toxylin + and only B3 cells were stained by methyl blue. As B2 and B3 cells 
showed significant hyperactivity after castration, the authors thought that they 
are involved in gonadotrophin secretion. B3 cells secrete interstitial cell- 
stimulating hormone (ICSH) and B2 cells secrete follicle-stimulating hormone 
(FSH), After subtotal adrenalectomy or metopirone administration, B4 cells 
showed hypertrophy, hyperplasia, and degranulation. These findings indicate 
that B4 cells secrete ACTH. That B3 cells secrete ICSH has also been observed 
by Herlant and Grignon(1961), Grignon(1963), Saint-Girons(1963, 1967), Eyeson 
(1970) and Yip and Lofts(1976). ACTH is secreted by chromophobes 
(Del Conte,1969, 1972; and Yip and Lofts,1976). Nonnotte-Ferray and 
Toubeau(1977) found ACTH activity in rostral pars distalis and the cells were 
well granulated in Natrix natrix, They found also ACTH secreting cells in the 
pars intermedia. \ 


Acidophils type 1( AI) X 


These large carminophilic cells are situated in the cephalic lobe alongside 
the capillaries. They correspond to X cells of Saint-Girons. The Al cells form 
pseudofollicles in Sphenodon and some lacertids (Saint-Girons,1963, 1965, 
1967). The cells may be finely or coarsely granulated, Al cells in Agama are 
strongly erythrosinophilic, Luxol fast blue and orange G positive and they are 
yellow or pale green when stained with combined stains (Eyeson,1970). Al 
cells are PAS, AF and AB negative. | 


Prolactin activity in the rostral zone (Licht and Nicoll,1969) has corrobo- 
rated the presumptive function of the erythrosinophilic cells (Herlant and 
Grignon,1961). Prolactin activity is located in the cephalic lobe of Anolis (Sage 
and Bern,1972). In Agama weak prolactin activity has been found by 
Eyeson (1970) in the caudal lobe. These cells do not respond to steroid hormones, 
ioe m are unconnected with with repro- 

yele. err-Schott(1976) found AL cells of the 








VL TIU ‘7 
ws. 2 v A" g T AZS 
— i- 4 ı BE retir A 
aj N lac Cur [ 
nal —— 


cls are n 








THE PITUITARY OF REPTILES 327 


Prolactin is antigonadotrophic in reptiles (Nicoll,1974). It helps tail rege- 
neration, skin sloughing, and restores plasma sodium levels in hypophysectomized 
lizard (along with corticosteroids). 


Antigonadal effects of prolactin were found by Hensgen er al.(1980) in female 
Anolis carolinensis, Prolactin acts on the ovary by suppressing the growth and 
steroid biosynthesis of smaller ovanan follicles. 


Acidophils type 2 (A2) 


These cells correspond to alpha cells or acidophils of Saint-Girons(1963) and 
Grignon(1963) and are plentiful in the caudal pars distalis. Granules of A2 
cells may be fine or coarse depending upon the species. After Herlant's alizarin 
blue tetrachrome, A2 cells are OG+. They are PAS, AF, and AB negative 
(Eyeson,1970; Saint-Girons,1967,1970). Ultrastructurally the granules in A2 
cells of Lacerta sicula are 310 nm in diameter( Della Corte, Galgano and Angelini, 
1968). Somatotrophic activity (Licht and Rosenberg,1969; Licht and Nicoll, 
1969,1971) corresponds in distribution to the caudal somatotrophic cells(Saint- 
Girons,1961). In viper Vipera Grignon(1963) found a correlation to exist 
between A2 Cells and interrenal activity. Eyeson(1970) similarly found such 
correlation in female Agama. No correlation could however, be established in 
fhe male, A2 cells secrete STH in Lacerta muralis (Doerr-Schott,1976 : immuno- 


A histochemical detection by light and electron microscopy) and in Uromastix 


acanthinurus (Zuber-Vogeli et al..1979: cytoimmunofluorescence technique). 


Basophils type 1(B1) 


The basophils type 1 cells are delta cells of Saint-Girons(1963). The 
thyrotrophic cells are situated ventrally in Cnemidophorus I. lemniscatus (Del 
Conte,1972) and in Testudo they are caudal in distribution(Herlant and Grignon, 
1961). Licht and Rosenberg(1969) confirmed these data by the demonstration 
of existence of thyrotrophic activity in this area. These cells may be small, 
large, spherical or elongated. They form a palisade layer surrounding the 
capillaries of the caudal lobe (Saint-Girons,1967). The secretory granules are 
PAS, AF, AB (alcian blue) and aniline blue positive. Large bodies in BI cells 
of snakes are erythrosinophilic, orange G positive, PAS positive, and Alcıan 
blue ‘negative (Saint-Girons,1967; Eyeson,1970; Forbes,1971). Eyeson(1970) 
id the secretory granules to be lead haematoxylin positive in Agama, From 
experimen ts of Eyeson(1970) it appears that BI cells are responsible for 






the 


thyroidal * in Agama. BI cells secrete TSH in Lacerta muralis (Doerr- 







Schot 109791: and in the Skink(Mohanty and Naik,1979). 
ult sturally BI cells of Anolis show seasonal variations. They are 
inactive in zutun and winter when inactivity is also noted in the thyroid gland. 
noted in spring and summer in BI cells and the thyroid gland 
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ablation of the thyroid gland. Golgi complex is hypertrophied and the rough 
endoplasmic reticulum is dilated. The cisternae (RER) contain PAS and AF 
positive material, The stellate cells in Anolis have close association with the 
thyroidectomy cells. The stellate cells act as a transport system of some 
substance between the thyroidectomy cells and blood vessels. 


After lesion experiments of the median eminence, anteromedial, posterior ' 
or lateral areas of the hypothalamus, significant increase in the weight of the 
thyroid gland in the lizard Sceloperus cyanogenys was noted, seven days after 
the operations(Callard and Chester Jones,1971). These experiments prove the 
existence of an inhibitory hypothalamic influence over secretion of TSH. 


Basophils type 2(B2) 


B2 cells are usually scattered throughout the gland and they are beta cells 
of Saint-Girons(1963). Throughout the pars distalis two types of gonadotrophic 
cells are found in the tortoise (Herlant and Grignon,1961), Lacerta(Della Corte 
et al,,1968), Varanus (Nouhouayi-Besnard.1966), Squamata (Saint-Girons,1961) 
and Agama (Eyeson.1970). They are dispersed in pars distalis similar to the 
gonadotrophic activity (Licht and Rosenberg,1969), Licht and Papkoff(1974) 
found the gonadotrophie activity in Chelvdra to correspond to two separate and 
distinct hormones which are LH- and FSH-like. Fontaine and Olivereau(1975 
said, “However, one of the processes used to separate mammalian LH and 
FSH is not eftective with chelonians. This suggests that the two chelonian ¥ 
hormones may be closer to one another than are mammalian FSH and LH. 
Perhaps, then, these two chelonian gonadotrophic hormones could be looked 
upon as intermediate between the single hormone of certain lower vertebrates 
and the two mammalian hormones.” 


The B2 cells are PAS, AF, AB, and aniline blue positive. The large * 
erythrosinophilic, PAS + bodies are similar to lysosomal R granules. B2 cells 
are gonadotrophs in Lacerta muralis (Doerr-Schott,1976) and in Uromastix 
acanthinurus(Zuber-Vogeli et al.,1979). 


Grignon(1963) studied the adenohypophysis of the land turtle (T. mauri- 
tanica) and of the Viper (V. aspis). Gonadotrophic function of beta and 
gamma cells appears presently to be beyond doubt. In the male, the correlation 
between the activity of these cells and spermatogenesis, the development Xr 
testicular interstitial tissue and ting permitted the conclusion that FSH and i 
ICSH are produced respectively by beta and gamma cells. In the female the 





interpretation is not so clear. Castration studies in the two sexes only confirmed A 
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those suggested by hormone therapy studies.” Licht er al.(1979) found the 

N snake (Colubridae, Elapidae, and Viperidae) gonadotrophins “to be unique 
among tetrapod gonadotrophins in terms of their biological cross-reactivity, 
biochemical composition, and immunochemical properties. Data suggest that 
snakes may only have a single gonadotrophin that does not show a clear homo- 
logy to either FSH or LH.” 


- A-subunit is primarily responsible for the determination of species specificity 
in response to LH(Licht er al,,1978), 


Licht ef al.(1980) studied serum gonadotrophins (FSH and LH) and sex- 
steroids (estrogen, testosterone, and progesterone) associated with breeding 
activities in the green sea turtle, Chelonia mydas ( mating and nesting in natural 

t populations). Gonadotrophins are relatively low during mating and then show 
fluctuations during nesting cycle. Estrogen was low during both phases of the 
reproductive cycle.» Testosterone and progesterone were more variable. During 
beaching and nest construction (digging) FSH is not elevated. During laying 
Of eggs FSH increases. LH increases earlier 


Lance and Callard(1978) studied in vivo responses of female snakes (Natrix 
fasciata) and female turtles (Chrysemys picta) to ovine gonadotrophins (FSH 
and LH) as measured by plasma progesterone. testosterone and estradiol levels, 


Daniels et al.(1979) found variability in effects of different species of gonado- 
X trophins ; “the relatively high potency of some species of LH may be related in 
part to increased half-lives.” 


Saint-Girons(1963) observed that the LH gonadotrophic cells stained almost 
always with haematoxylin and reacted most frequently with aldehyde fuchsin. 


Holmes and Ball(1974) said, “B2 cell is the only gonadotroph in the 
reptile pituitary, the B3 cell has some other function.” 


The hypothalamic control over gonadotrophin secretion seems to be 
stimulatory in nature as evidenced by intrahypothalamic implants of estradiol 
in Sceloporus(Callard and MeConnell,1969) which suppressed ovulation with 

reduction in weight of oviduct and without affecting follicular development, and 
5 by implants of testosterone or estradiol in the median eminence of the lizard 

Dipsosaurus dorsalis) which inhibited seasonal gonadal maturation(Lisk,1967). 
Less effective inhibition was there when the implants were in the basal hypo- 
‘thalamus or pars distalis. 










e  Basoptits: type 3(B3) 
hese are y-cells of Saint-Girons. Holmes and Ball(1974) found the B3 


Ils À le be really amphiphils and they stain violet or purple with 
Azar ‚ tric ırome or Herlant's alizarin blue tetrachrome(Saint-Girons,1963,1967, 
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in palisade along the capillaries of the cephalic lobe. The nucleus is spherical 
and basally situated. Saint-Girons(1963) studied the variations of the adeno- 
hypophysial cytology in different families. In € ‘rocodylus niloticus the cells are 
stained with haematoxylin. In Anguidae these cells occupy 2/3 of the rostral pars 
distalis and are feebly AF + and haematoxylin +. In Geckonidae the rostral part 
of the pars distalis is well developed and the caudal lobe is reduced. The LH 
(B3) cells are small in number, dispersed and ovoid in shape, In /euanidae 
and Agamidae the cells of the distal lobe are organized in long parallel and 
longitudinal cords (Anolis). The number of chromophobes is particularly 
increased, The LH(B3) cells are few in number and poorly chromophilic. In 
"Chamaeleonidae LH(B3) cells are rather rare and poorly chromophilic, In 
Trogonophis B3 cells are haematoxylin positive. 


The size of granules in B3 cells is variable. B3 cells are weakly PAS positive 
and AF positive and AB negative in Agama, In many snakes they are AB 
positive. These granules are iron haematoxylin and lead haematoxylin positive. 
B3 cells secrete ACTH in lacerta muralis(Doerr-Schott,1976) and in Uromastix 
acanthinurus (Zuber-Vogeli et al.,1979 : cytoimmunofluorescence technique). 


Grignon(1963) and Saint-Girons( 1963) thought that these B3 cells were 
LH gonadotrophs because there were changes in these cells during annual cycle 
and changes in gonads, Del Conte(1969) found these cells in Cnemidophorus 
to be strongly activated by metopirone. Licht and Bradshaw(1969) found 
corticotrophic activity in the same zone containing B3 cells. Holmes and 
Ball(1974) therefore remarked, “Since only Al and B3 cells are distributed 
preferentially in the cephalic lobe and since the former are lactotrophs, this 
work identified the B3 cells as corticotrophs, and identification was confirmed 
by the effects of partial hypophysectomy on the levels of circulating cortico- 
sterone in Anolis (Licht and Bradshaw,1969).”’ 


Roy(1975, from Roy,1976) found that in the pituitary of the garden lizard 
(Calotes versicolor) there are cells at the rostral region which can be stained 


Hypothalamic control of B3 cells secreting ACTH has been previously 
mentioned along with Roy's(1975) observations in Calotes versicolor. Roy(1970) 
found that removal of the hippocampus in Calories versicolor leads to increased 
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ACTH release are noted. Both inhibitory and stimulatory brain areas for such 
release have been found. That the ventromedial nucleus, the infundibular nucleus 
and the median eminence are important for ACTH control has also been proved by 
pituitary grafting experiments. The grafts were active when placed in the 
infundibular nucleus, median eminence and even in the infundibular recess of 
the third ventricle adjacent to the median eminence. Plasma corticosterone 
level was maintained and stress of femur fracture could increase corticosterone 
level in such graft bearing animals. The ventromedial nucleus, infundibular 
nucleus and the median eminence are important areas for the control of ACTH 
secretion and it has been proved by stimulation and lesion experiments in 
Calotes versicolar, Inhibitory areas include hippocampus, and septal area. 
found that removal of the hippocampus in Calotes versicolor leads to increased 
Stimulatory areas include archistriatum and the hypothalamus. Thus it has 
been noted that extrahypothalamic areas of the brain in the garden Lizard 
(Calotes versicolor) control ACTH release. 


Duggan and Lofts(1979) obtained data to suggest that separate regulatory 
mechanisms for certicosterone and aldosterone may exist in the sea snake, 
Hydrophis cyanocinctus Daudin, and such a different regulation may be of 
physiological importance. 


The structure of the adrenal gland in Reptilia has been reviewed by 
Lofts(1978). Callard and Callard(1978) reviewed the physiology. "There is 
considerable evidence that reptilian adrenal function is controlled by an adeno- 
hypophysial-alrenocortical axis as in mammals and apparently all other verte- 
brate groups. Any variations from this basic pattern would seem to be varia- 
tions in degree rather than kind. Hypophysectomy invariably leads to a decline 
in adrenal weight, the extent of which varies with the postoperative interval 
preceding autopsy, and the time of year at which the experiment is performed” 
(Lofts,1978). 


Hypophysectomy leads to a loss of adrenal weight in Agama agama and 
Natrix natrix (Wright and Chester Jones,1957) and in male Dipsosaurus dorsalis 
(Chan et al..1970). Adrenal changes could be prevented by injection of mamma- 
lian ACTH. Plasma corticosterone level falls after hypophysectomy in Anolis 
(Light and Bradshaw,1969), in Sceloporous cyanogenys (Daugherty and Callard, 


1972) and in the freshwater turtle, Chrysemys picta (Callard, 1975a). In hypo 





ıysectomized animals response after ACTH injection is delayed. Hypophysial 
acts of the alligator has corticotrophic activity(in vitro avian adrenal) (Gist 





“and deRoos,1966). Licht and Bradshaw(1969)found corticotrophic activity to 
be localized in the rostral part of the pars distalis of Anolis, Pseudemys, Caiman 
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did not show changes in the adrenals, but adrenal glands of lizards with hypo- / 
thalamic implants of betamethasone were atrophic and reacted weakly to tests 

for A®-3$-hydroxysteroid dehydrogenase, Compensatory hypertrophy of the 
adrenal cortex after metyrapone in hypothalamic betamethasone implanted animals 
was prevented. In the other groups of animals (blank hypothalami¢ or sub- 
cutaneous implantation) adrenocortical hypertrophy after metyrapone injections 
occurred. Stereotaxic lesions were made in different areas of the brain of Scelo- 
porus cyanogenys by Callard and Chester Jones(1971) in order to find out the 
mechanisms for the control of ACTH secretion, The response was measured by 
noting the effectiveness in blocking ACTH secretion as judged by the degree of 
adrenocortical hypertrophy induced by metyrapone injections. Increase in adrenal 
weight after metyrapone was not found in animals with lesions of the antero- 
medial hypothalamus and median eminence. Cortical cells were atrophic. In 
all other groups: adrenal weight was found to be increased after metyrapone. 
Stimulatory control of the lizard adrenal gland is mediated by the anteromedial 
hypothalamus and the median eminence (Lofts,1978). Hippocampus has a check- 
ing influence over the pituitary-adrenal-axis of Calotes versicolor (Roy, 1970). 


Adrenal hypertrophy has been observed in lizards after ——— (inhi- 
bitor of A°-38-hydroxysteroid dehydrogenase) and metyrapone (11-B-hydroxylase 
inhibitor) (Callard and Willard,1969; Callard and Chester Jones,1971). Corti- 
costerone level in peripheral plasma is depressed after dexamethasone (Licht and 
Bradshaw,1969). Plasma corticosterone level is depressed after hypothalamic 
lesions or hypothalamic corticosteroid implantation in Sceloporus and Dipsosaurus 
dorsalis. Implants of aldosterone in anterior hypothalamus and median eminence 
of Dipsosaurus dorsalis could also bring down plasma corticosterone ` level 
(Daugherty and Callard,1972; Callard er al.,1975a, b). “Recent experiments in 
Chrysemys picta using a hollow, indwelling hypothalamic probe show that in the 
presence of corticosterone or aldosterone, plasma corticosterone falls but re- ` 
bounds after removal of the pellet. A substance that stimulates ACTH production 
has been detected in hypothalamic—median eminence extracts of Chrysemys 
tested in a homologous pituitary-adrenal system in vitro” — and 
Callard,1978). 
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in Amphibolurus inermis to 9,45 yg/100 ml plasma (summer) from a basal un- 
stressed level of 2.34 pg/100 ml plasma (summer) (Bradshaw,1975). In Caiman 
crocodilus bleeding stress raised plasma corticosterone level (Gist * 
‘Kaplan,1976). Dexamethasone could block the rise after stress. 
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Callard(1975a, b) obtained dose-response increase in corticosterone pro- 
duction from endogenous precursors when a suspension of isolated interrenal 
cells of Chrysemys picta was incubated with synthetic ACTH,., or porcine 
ACTH (3rd IWS), or pituitary extracts of Rana, Gallus and Chrysemys. 


Callard and Callard(1978) observed that adrenal responsiveness to ACTH 
is lower in Reptilia than in the rat, It may be due to the effects of temperature. 
Plasma corticosterone after ACTH remains elevated for a long time in reptiles. 


Roy(1958) observed that the adrenal element lies in the dorsal aspect of 
the adrenal gland in Calofes versicolor; but scattered groups or solitary adrenal 
cells are found in the gland. The adrenal cells are big with a darkly stained nucleus. 
The interrenal cells are small and contains lipid. The gland is very vascular. 
Glandular hypertrophy occurs in summer whereas during winter the reverse is 
true. Stress of femur fracture, scald and ether anaesthesia leads to a congestion 
of the organ and loss of sudanophilic substance from the interrenal cells. 
Vucuolar change has been noted in the interrenal cells in haematoxylin-eosii 
preparations. 


Hypothalamic factors for stimulation and inhibition of prolactin secretion 
ave been obtained in the turtle, Neutralized acid extract of the median eminence 
rom male rats, female turtles (Pseudemys scripta elegans), and snakes (Narrtx 


# taxispilota) of undetermined sex was prepared by Fiorindo(1980). A factor is 


contained in the reptilian median eminence which stimulates the secretion and 
synthesis of prolactin, “The prolactin—stimulating factor may be indigenous 
to the hypothalami of a wider range of reptilian species”, 


TSH secretion is under inhibitory hypothalamic control in Sceloporous 
cyanogenys (Callard and Chester Jones,1971). 


Gonadotrophin secretion is under a stimulatory hypothalamic control 


Pars tuberalis 


It is absent in snakes, small in lizards and large in sphenodon, crocodiles and 
chelonians. In crocodiles small groups of cells form pseudofollicles along the 
pituitary stalk, The nucleus is spherical and the cytoplasm is faintly chromo- 
philic. In the tortoise pars tuberalis is in continuity with the rostrodorsal part 
of the pars distalis. Apart from chromophobic cells there are large granulated 
cells which are PAS, AF, and AB positive. In the serpents (Boidae) there are 
small involuted chromophobic cells in the inferior part of the pituitary stalk 
(Saint-Girons, 1963). 





CHAPTER 14 
THE PITUITARY OF BIRDS 


Wingstrand(1951) described the structure and development of the avian 
pituttary in his detailed monograph. The adenohypophysis is formed by Rathke’s 
pouch und the entodermal Seessel's pouch could not be found to contribute to its 
formation by him in the investigated species (Larus, Riparia, Gallus) (fig. 14.1). 





Fig. 14.1. Diagrams showing the development of the adenohypophysis in birds. 
(A) Hypophysial anlage in a S-day chick embryo (Gallus gallus). 
(B) Pituitary of a gull (Larus ridibundus, nearly full grown young). 
(C) Pituitary of a partridge (Perdix perdix). 
(D) Wingstrand’s interpretation of the same gland. | 
Legends to (A) : (a) saccus infundibuli ; (b) rostral wall and (c) caudal wall 
of the aboral lobe : (d) walls of the constricted pam, the narrowed lumen is 
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In the carly stage of development, an aboral and an oral lobe can be seen with 
a corresponding dilatation of the lumina and constriction between them. An 
epithelial stalk exists. The lateral lobes have lumina which are continuous with 
the oral lumen, The contact zone with the brain has been reduced to a small area 
between the top of the pouch and the growing infundibular process. This area 
remains single layered upto a fairly late stage of development but a rapid pro- 
liferation occurs in other walls with the exception of the epithelial stalk (fig. 14.2). 
The monolayered wall morphologically corresponds to the intermedia of other 
vertebrates. Pars intermedia has not been found to develop in birds. 


From this early stage the adult gland is developed in the following way. The 
caudal lobe in the adult is formed by proliferation from the aboral lobe of the 
embryo and perhaps also by a few strings from the walls of the constricted part 
of the anlage. The intermedia looses its contact with the neural lobe, prolife- 
rates and is included in the caudal lobe. In the adult the cephalic lobe is formed 
by the oral lobe and possibly by some strings from the constricted part. Massive 
proliferation takes place from the rostral(dorsal) side of the oral lobe and an 
anterior diverticulum is situated at this place. This corresponds to the Vorraum 
of Woerdeman. Proliferation of the lateral lobes gives rise to the pars tuberalis, 
orming layers of epithelial tissue on the surface of the brain. The epithelial 


‘stalk is reduced rapidly and is complete in Riparia. However, in Larus and 


Gallus the degeneration is characterized by the formation of cysts. 


The pars distalis is separated from the infundibular stem and the median 
eminence by a wide cleft which is filled with loose connective tissue. The cleft 
is bridged by the porto-tuberal tract. The tract passes from the median 
eminence to the pars distalis about halfway between the anterior and the 
posterior ends of the gland or a little nearer the anterior end. Histologically 
the pars distalis is divided into a cephalic and a caudal lobe. They correspond 
to the oral and aboral lobes of Rathke’s pouch in the embryo. 


The pars tuberalis originates on each side of the pars distalis between the 
cephalic and caudal lobes. In embryos the lateral lobes grow out near the 
constriction between the oral and aboral lobes of Rathke’s pouch. The 
inclusion of the base of the lateral lobes in the pers distalis can be seen in 


rostral wall f) caudal wall of the oral lobe ; (g) aboral and 
sO) efi hd median eminence ; (k) Seessel's pouch 













pl 
: (1) optic chiasma ; (2) median eminence ; 
al lob : epithalial stalk ; Par tuberalis tera 
lobe: 8 the carotids —From Wingstrand(1951). 
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some adult birds eg. Larus and Columba as a pars tuberalis interna. A string of f 
chromophobic and faintly basophilic cells extends from the pars tuberalis proper a 
downwards on each side between the cephalic and cauda! lobe(Wingstrand, 1951). 
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Fig. 14.2 Pituitary of a goose (Anser anser). The dorsal limit of the median eminence | 
is indicated by an i ed line. (X), the junction of pars tuberalis with that 
of the other side behind the infundibulum. (Y), the connection between the 


rs distalis and pars tuberalis proper (portal zone) —From Wingstrand(1951). 
Courtesy of Professor K. G. Wingstrand. 
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In other birds e.g. Gallus this part cannot be easily recoenized. The next parts 

\ of the lateral lobes fuse to form a portotuberal tract around the portal vessels, 
The ends of the lateral lobes spread out to form the juxtaneural epithelial layer 
on the surface of the median eminence and extend upwards along the sides of 
the tuber. In albatrosses and penguins the tuberalis is very thick having several 
layers of cells and acini but in majority of oirds only a few layers of cells can 
be found. In Apus and Anser it is not present in the central parts of the 
eminentia and the layer on the brain is very thin consisting of only one or a 
few layers of cells. The descriptions mentioned above are from Wingstrand 
(1951, 1966). 


Roy(1972-1974; from Roy, 1976) reviewed the hypothalamus, hypophysio- 
portal vessels and hypophysis of birds. The author also discussed the brain 
mechanisms responsible for ACTH release in the pigeon(Columba livia) men- 
honing his own observations, 


Hypothalamus, hypophysioportal vessels and hypophysis of birds 
Hypophysioportal vessels in the birds: 


The importance of the hypophysioportal vessels in the control of the 
anterior pituitary function has been stated in previous chapters. Green(1951) 
and Hasegawa(1956) described these vessels in the chicken. Wingstrand( 1951) 
investigated them in the pigeon and other birds. Assenmacher(1952,1953, 

« 1958) described these vessels in the duck in details. 


Benoit(1962) discussed the importance of the hypothalamic control over 
Pd the adenohypophysial gonadotrophic function through the hypothalamo-hypo- 
physial connections in ducks. Complete involution of the gonads is obtained 
when the connections are divided. Assenmacher(1958) found the thyrotrophic 
and corticotrophic functions to be little affected after division of portal vessels 
or lesions of the median eminence or the hypothalamic magnocellular nuclei. 


Ectopic adeno-hypophysial grafts could not activate the gonads. When the 
adenohypophysis does not get special blood supply from the median eminence. 
it cannot maintain normal gonadotrophic function. When the infundibular stalk 
is divided, complete atrophy of the posterior lobe occurs; but the gonadotrophic 
function is undisturbed because the median eminence, the portal system and 
the adenohypophysis remain intact. Lesion of the median eminence leads to 
complete and permanent atrophy of the gonads. Bilateral lesions of the anterior 
hypothalamic regions(supraoptic and paraventricular) is followed by genital 
atrophy(2-3 weeks). Testes depend completely on intact hypothalumo-hypo- 
Physial connection, the thyroids depend less and the adrenals the least. 
However, after section of the pituitary stalk in the rhesus monkey, Antunes 
er al,(1980) found the corticotrophs and somatotrophs to persist long after the 
surgery. The lactotrophs increased markedly. Gonadotrophs, although present 
in the pars tuberalis, were no longer demonstrable in the pars distalis 3 weeks 

| after stalk section. The authors used immunocytochemical techniques. The 

pituitary stalk was sectioned transorbitally. 
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Kobayashi and Wada(1973) reviewed the neuroendocrinology in birds and 
regarding the control of gonadotrophin secretion the authors concluded, “The 
ventromedial region of the hypothalamus, or more precisely the nucleus tuberis, 
is the regulatory site of gonadotrophin secretion from the adenohypophysis. In 
the hen, the preoptic area is responsible for gonadotrophin release for ovulation. 


Prolactin secretion in birds is regulated by the hypothalamic prolactin- 
releasing factor. 


Regarding thyrotrophin secretion, “The anterior hypothalamus, including the 
nucleus paraventricularis magnocellularis and the nucleus hypothalamicus posterior 
medialis seems to be the site responsible for the control of thyrotrophin secretion 
from the adenohypophysis. Thus the regulating site is not confined to one 
nucleus”. 


Kobayashi and Wada(1973) said, “There are differences of opinion among 
investigators with respect to the autonomous function of cortical tissue, its 
dependency on adenohypophysis, and extrahypophysial corticotrophin. Neverthe- 
less, it is obvious that cortical function is largely regulated by the hypothalamo- 
hypophysial system”. 


Gonadotrophin-releasing factor(s), prolactin-releasing factor, corticotrophin- 
releasing factor and growth hormone-releasing factor are present in the avian 
hypothalamus. 


Vitums er al.(1964) described the vascularization of the hypothalamo-hypo- 
physial complex in the white-crowned sparrow, Zonotrichia leucophrys gambelii. 


Preoptic arteries which are branches of right and left anterior cerebral arteries 
supply the supraoptic and paraventricular nuclei. The median eminence and the 
neural lobe get their supply from the infundibular artery. For the anterior and 
posterior divisions of the median eminence there are anterior and posterior 
capillary plexuses. Anterior and posterior groups of portal vessels are formed 
from the plexus and they are distributed to cephalic lobe and caudal lobe 
respectively(fig. 14.3). 


Wingstrand(1951) studied the vascular supply of the avian pituitary(hg. 14.4) 
and in general his investigation corroborated that of Green(1951), The neural 
lobe has got an independent blood supply from arterial branches either from 
infundibular arteries or they are true inferior hypophysial arteries from inter- 
carotic anastomesis. The venous drainage from the neural lobe is to the sinus 
cavernosus. The primary plexus of the eminentia is supplied by the infundibular 
arteries. The drainage from this plexus is by the portal vessels contained in 
the portal zone of the pars tuberalis and passes to the secondary plexus in the 
pars distalis. The cavernous sinus drains the pars distalis. 


A dense capillary net covers the median eminence on the surface or sinks 
deep into the furrows of the median eminence as in Anser amser. This capillary 
net extends to the surface of the infurdibular stem but the density here is low. 


The capillary bed of the neural lobe is independent of this system 
plexus is also isolated from the hypothalamic vascular bed 


Fig, 


14.3. 
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The primary 
The hypothalamic 


This preparation shows the night wall 


Sagittal section of the hypophysis (duck) : 
of the hypophysial recess (1) where the subependymal network (2) can be wen. 


(3), surface network lining the base of the recess, drained towards the anterior 
lobo (4) by the anterior portal vessels (5) and posterior portal vessels (6). (7), 


posterior lobe —From Duvernoy (19712) ais 3 
Courtesy of Professor H. Duvernoy and S. Karger AG, Basel 
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capillaries are subependymal in position, 


— — > — 
The nucleus tuberis is supplied by 
these capillaries. 
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The blood passes from the median eminence to the pars distalis through 
the portal vessels and not in the opposite direction. This has been stated 
by Wingstrand(1951). Transport of secretory products can take place from the 
median eminence to the pars distalis via the portal vessels. 


Szentagothai er al.(1968) extended the work of Torok regarding the direction 
of blocd flow in the portal vessels of the dog, cat and rat. The pars distalis is 
supplied through portal vessels arising from a primary plexus, that is, plexus of 
the pars tuberalis and median eminence capillary loops contribute to the supply. 
The passage of blood is from pars tuberalis>median eminence—sportal vessels 
—anterior lobe (pars distalis) tissue. Two other possible routes of blood 
flow having functional significance are present, “(i) A fraction of blood, after 
passing the pars tuberalis and entering the capillary loops cf the median eminence, 
is drained over the interior median eminence plexus towards the medial(sub- 
ependymal) capillary network of the hypothalamus. (ii) Some of the blood. 
reaching the posterior surface of the anterior lobe in the pars distalis sinusoids, 
turns upwards and is drained over the anterior transition zone (Umschlagszone) 
between pars distalis and pars intermedia towards the posterior lobe vascular 
system, (il) It is even possible that part of the blood taking route(ii) might 
find its way into the interior plexus of the infundibular stem and is finally 
drained towards the hypothalamus (i)." 
= Pars tuberalis is a less differentiated structure than the pars distalis but it 
Kontains some amount of trophic hormones and clearly shows signs of secretory 
’ activity (PAS-positive and Bodian-positive granules), Blood coming to the pars 
distalis gets a contact first with the pars tuberalis and then with the median 
eminence and thus the median eminence is being influenced. Some fraction of 
this blood reaches the median hypothalamus which is being influenced by 
Substances produced-in the pars distalis. This is a mechanism of biologically 
important signal transmission(Szentagothai er al.,1968). 


The pars tuberalis of birds consists of (1) the pars tuberalis proper, which 
is constituted by a thin layer of cells lying within the pia mater on the surface 
of the brain, and (2) a portal zone having strings of epithelial cells connecting 
the pars tuberalis proper with the pars distalis. The portal zone is continuous 
with (3) the paired pars tuberalis interna which fuses intimately with the pirs 
distalis (Wingstrand, 1951). -In the Procellariifermes the pars tuberalis has a 
very characteristic form and is not a vestigial organ. The pars tuberalis proper 
is very thick and in its central parts several layers of epithelial strings and a 
rich capillary net are present, The portal zone is very thick and compact. 


Invasion of the epithelial cells into the median eminence 


(1) The Procellarüformes are unique amongst birds in this respect where 
the tuberalis cells spread deep into the nervous tissue. This has been noted in 
Diomedea melanophris, D. epomophora, Pelecanoides magellanicus, Priocella 
antarctica, Procellaria acquinoctialis and Oceanites gracilis by Wingstrand(1951). 


O.P.-209—40 
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In the Oceanites there was indication of such invasion only and this had not 
advanced much. 


(2) Such invasion also takes place in some lizards (Gaupp,1893; Baum- 
gartner,1916; Wingstrand, 1951; and Szentagothai and Szekely,1958). Wingstrand 
(1951) observed this picture in Lacerta agilis where the epithelial anlages of 
pars tuberalis after losing contact with the pars distalis reach the surface of the 
median eminence and enter into the nervous tissue under the pial cover, These 
displaced cells form small islands bilaterally, “The situation of the two intra- 
cerebral cell masses in Lacerta on each side of the eminentia seems to corres- 
pond to the two areas of invasion in the Procellariiformes” (Wingstrand,1951), 


Pars tuberalis cells with Bodian-positive granules have been found in all 
bird pituitaries. They are, however, rare in the tuberalis of Columba livia and 
Anser anser (Wingstrand,1951). This granulation, just as the colloid acini, 
indicates a secretory activity of the pars tuberalis. 


Cajal(1911) described the nuclei of tuber cinereum as-Noyau anterieur ou 
principal, Noyau posterior ou accessoire du tuber cinereum, and Noyau superieur. 
The nucleus anterior is the same as the ventromedial nucleus. The axons of 
the nerve cells of this nucleus proceed in the dorsal direction and the capsule 
is reached ; the axons proceed in anteroposterior direction. The collaterals ha ie 
been very nicely described and drawn by Cajal in figs. 312, 313 and 314. 1h 
descriptions have been made in Vol. 2, pages 474 to 483. According to hi 
description the Noyau perichiasmatique ou tangentiel has got three parts; 
anterior, superior and posterior. The distribution is half moon-shaped. Szenta- 
gothai et al,(1968) mentioned that the anterior and superior portion of the 
tangential nucleus of Cajal corresponds to the true neurosecretory cells of the 
magnocellular supraoptic nuclei. The posterior or the retrochiasmatic part of 
the tangential nucleus, however, has got to be differentiated from the previous 
group. The large cells with the whole dendritic arborization belonging to the 
posterior group can be beautifully stained with the Golgi and Cox methods, 
whereas the neurosecretory cells of the magnocellular nuclei could not be 
impregnated successfully, The axons of the posterior group do not join the 
supraopticohypophysial tract. The intercellular meshwork of preterminal colla- 
terals is very much sparse in the supraoptic and paraventricular nuclei, but it is 
very rich in the retrochiasmatic part and characteristic synapses are seen here. 
The paraventricular nucleus has been depicted by Cajal (1911) in fig. 279, 
page 427 as (T) (noyau sous-ventriculaire). Szentagothai er al.(1968) charac- 
terized tuberal neurosecretion by argyrophilic granules and granule-laden axons 
could be traced to the superficial layer of the median eminence and to the 
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Szentagothai er al. (1968) described the arrangement of the coarse fibred 
supraoptico-neurohypophysial tract and the fine-fibred tuberoinfundibular tract. 
The former tract originates from the large cells cf the supraoptic nucleus. It 
is joined by fibres from the paraventricular nucleus and the conjoined fibres 
proceed to the posterior lobe of the pituitary. These fibres are crossed by the 
fine-fibred tubero-infundibular tract originating from small nerve cells situated 
in a halfmoonshaped area immediately beneath the walls of the third ventricle. 
This is the Aypophysiotrophic area. The fine axons of the tubero-infundibular 
tract end exclusively in the surface zone (zona palisadica) of the median 
eminence and of the most proximal part of the stalk. 


Isolated medial basal hypothalamus-pituitary axis, ie.. deafferentiated axis 
can operate(Halasz and Pupp,1965). Circadian rhythm of ACTH secretion is 
lost in chronic experiments. This axis responds by : 


(1) intermediate or high levels of nonstress pituitary-adrenal function, 


(2) stress-response to different stressors, and 
(3) low doses of dexamethasone can suppress by feedback mechanism. 


Pituitary autonomy in stressed and nonstressed female rats was studied with 
large medial hypothalamic lesions (MHA) by noting the levels of plasma 
corticosterone fluorometrically by Dunn and Critchlow(1973). Hypothalamic 
‘ablation was done by modified Halasz-Pupp knife. The modification is the 
presence of a horizontal cross bar (3.5 mm). So, the medial basal hypothalamus 
is not only isolated but there is also interruption of the vascular supply. The 
Intact vascular supply maintains the medial basal hypothalamus. Rats with 
medial hypothalamic lesions did not show stress(3-min. ether) response and the 
corticosterone levels in afternoon nonstress condition were low. A constant low 
level of ACTH secretion is found after ablation of the medial hypothalamus, 


The extent of the lesicn in the rats was from the suprachiasmatic nucleus 
frontally to the premammillary or mammillary nuclei caudally. Dorsally the 
area extended upto the paraventricular nuclei. In all animals arcuate and 
ventromedial nuclei were lesioned. Atrophy of the neural lobes with apparent 
hypertrophy of the intermediate lobes was observed. The vascularity of the 
median eminence and the pituitary was intact. 


Avian hypothalamic neurosecretory nuclei : 


These nuclear groups are mainly of two types: (a) Gomori-positive magno- 
cellular nuclei and (b) Gomori-negative parvocellular nuclei. The supraoptic 
and the paraventricular nuclei include the Gomori-positive magnocellular nuclei. 
The infundibular and the ventromedial nuclei form the Gomori-negative parvo- 
cellular nuclei, Different names have been used by different authors for the 
supraoptic and paraventricular nuclei, The nucleus supraopticus corresponds 
to nucleus magnocelluiaris interstitialis, intermedialis, lateralis and dorsalis of 
Huber and Crosby(1929), nucleus magnocellularis praeopticus, medial, dorso- 
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caudal and lateral parts of Kurotsu(1935), nucleus supraopticus of Kuhlenbeck - 
(1937), nucleus supraopticus of Wingstrand (1951), nucleus magnocellularis / 
pracopticus, nucleus magnocellularis supraopticus, ventrocaudal part, medial part 

and lateral part of Yasuda(1955), and nucleus supraopticus, väntral, anterior, 
internal, external, lateral and chiasmatic groups of Legait(1959). The para- 
ventricular nucleus corresponds to the nucleus magnocellularis interstitialis 
medialis (b) of Huber and Crosby(1929), nucleus magnocellularis periventri- 
culuris(Hauptkern) of Kurotsu(i935), nucleus paraventricularis magnocellularis 
(principal part) of Wingstrand(1951) and median and superoexternal groups Of 
paraventricular nucleus of Legait( 1959). 


Gomori-positive neurosecretory cells of the Zosterops were divided into seven 
groups by Uemura and Kobayashi(1963). The nucleus supraopticus was sub- 
divided into median and lateral proups. The nucleus paraventricularis was x 
subdivided into anterior, periventricular and lateral groups. The sixth group 
was distributed in the peduncles, and the seventh group was situated in the 
hilar region of the median eminence. The cells of the lateral group of the 
nucleus supraopticus and those of the anterior and periventricular groups were 
stimulated when the birds were subjected to long days. Other groups were not 
stimulated. The neurosecretory cells of the median group of the supraoptic 
nucleus of the long-day birds (Zosterops) were activated after estrogen admini$ 
tration. This treatment nullified the activating effect of the long days on hay 
neurosecretory cells of the lateral groups of the supraoptic nucleus. 


Nine groups of neurosecretory cells were identified by Rossbach(1966) in N 
the hypothalamus of the European Blackbird (Turdus merula). They are: 
nucleus entopedunculans anterior, nucleus entopeduncularis medialis, nucleus 
entopeduncularis posterior, nucleus entopeduncularis ventralis, nucleus lateralis 
externus hypothalami, nucleus magnocellularis interstitialis dorsalis, nucleus r, 
paraventricularis dorsalis, nucleus paraventricularis ventralis, and nucleus supra- 
opucus medialis lateralis. Seasonal activity of the gonadal cycle was reflected 
on the nucleus paraventricularis. Close correlation was also observed between 
the neurosecretory activity of the nucleus magnocellularis interstitialis dorsalis 
and the adrenocortical tissues, 


Neurosecretory cell groups were studied by Professor Wingstrand(1951) in 
the pigeon and in some other birds. He has given a very beautiful description 
of these cells, their axons and terminations. Bluishblack granular Gomori- 
substance more or less completely fills the neural lobe and tends to aggregate in 
the glandular zones on the surface and surrounding the vessels. The tractus 
hypophysius in the fibre layer of the stem and the median eminence also contains 
these granules. Many nerve fibres look blue here but some appear red which 
take up phloxin used as a counterstain. No Gomori-positive substance has 
E a in A kalal park Gl the andular layer ofthe relin CAISE dod 
this part is practically free from it but just behind the chisma the — 
ayer of the median eminence contains scattered Gomori-positive granules, The 
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tractus supraoptico-hypophysius on both sides can be traced’ to the nucleus 
supraopticus in the pracoptic region and to the scattered neurosecretory cells 
nearby, The neurosecretory fibres in the tractus hypophysius anterior could 
not, however, be traced to the scattered neurosecretory cells in the anterior part 
of the paraventricular nucleus, 


The peripheral part of the neurosecretory cells contains dark bodies. 
Vacuoles of Gomori-positive substance are common in the cells. 


Wingstrand(1951) stated that the nucleus supraopticus “is situated in the 
pracoptic area laterally of the pracoptic recess and extends laterocaudally along 
the dorsal surface of the tractus opticus. Scattered cells occur further back 
along the tractus Supraoptico-hypophysius through the lateral parts of the 
supraoptic decussation into the anterior part of the postoptic area”. This 
nucleus is not very distinctly delimited and its cells spread in different directions. 
Some cells are exclusively neurosecretory in type whereas other parts contain 
smaller, non-secretory cells. 


Neurosecretory cells are commonly found in the periventricular cell layer 
near the praeoptic area but Wingstrand(1951) was uncertain whether these 
cells should be called as the nucleus praeopticus dorsocaudalis of Kurotsu and 
-= Kuhlenbeck or to the principal part of the nucleus paraventricularis magno- 
cellularis of Kurotsu. Very few neurosecretory cells were noted in the more 
caudal part of the latter nucleus and the accessory part of the same nucleus 
did not show any sign of neurosecretion, He, however, thought of the possibility 
of production of other kinds of neurosecretion in the non-secretory cells. 


Avian hypothalamic neurosecretory system has also been investigated by 
Bargmann and Jacob(1952), Benoit and Assenmacher (1953a,b), Yasuda(1955), 
Stutinsky(1958), Fujita(1956), Oksche er al.(1959, 1963, 1964), Legait( 1959, 
Kobayashi ef al.( 1961), Arai( 1963), Famer and Oksche( 1962). Oksche( 1962, 1965) 
and others. Benoit and Assenmacher(1953, 1955) and Assenmacher( 1958) have 
extensively studied the neurosecretory system in domestic races of the mallard. 
Farner er al.(1967) have discussed the neuroendocrine mechanisms in birds. 


Avian infundibular and the ventromedial nuclei are the Gomori-negative 
parvocellular nuclei. The infundibular nucleus controls the gonadotrophic 
functions. 


Vasotocin producing system has been studied by Gabrion er al.(1978) in 
Anas platyrhynchos, Columba columba, and Corurnix coturnix using immuno- 
ochemistry. Fluorescent reaction was noted in the anterior hypothalamic 


cular regions. Fluorescent axons occupied the fibre layer of the rostral and 
caudal median eminence, Fluorescent fibres were also observed in the 
layer of the rostral median eminence. Immunoreactive axons in the 
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eminence contained granular inclusions of different sizes(120-160nm in diameter), 
These granules showed immunoreactivity. Some immunoreactive fibres containing 
clear vesicles (40-60nm in diameter) reached the external basal lamina, Vasotocin 
containing elements were distinctly different from LHRH-reactive structures. 
Vasotocin immunoreactivity corresponded to the aldehyde-fuchsin stainabilıty. 
The authors conclude that the presence of vasotocin-containing axons in Ihe 
external layer of the rostral median eminence supports the hypothesis that 
vasotocin is not only a posthypophysial antidiuretic hormone but also acts as 
an adenohypophysiotrophic principle at the anterior hypothalamus. 


The median eminence and the infundibular stem 


In birds the neural lobe is always distinct and it is sharply demarcated from 
the infundibular stem. Diencephalic wall projects tubularly to the infundibular 
stem. The neural lobe has no connection with the pars distalis either by nerves 
or by vessels. The median eminence is the ventral or rostroventral wall of the 
diencephalon and extends from the optic chiasma to the infundibular stem. It 
is intimately related to the primary capillary plexus of hypophysioportal system 
(fie. 14.5). Professor Wingstrand(1951) described beautifully the structure of 
the median eminence, the neural lobe, the innervation, the vascular supply and 
the development of the avian pituitary. The external surface of the median 
eminence is smooth in most birds except in Struthio and Anser where it is 
deeply furrowed leading to a polylobed structure. In Spheniscus the entire wall 
is folded. 


Three layers could be distinguished in a section through the median 
eminence : the stratum ependymale or ependymal layer, the stratum fibrosum or 
fibre layer, and the stratum glandulare or the glandular layer. Nowakowski(1951) 
described these three layers in the cat. The outermost glandular layer was 
called as palisade layer by Kobayashi ef al.(1961). Oksche(1962) distinguished 
two zones : zona interna consisting of ependymal layer and fibre layer, and zona 
externa consisting of reticular layer and palisade layer. Aldehyde-fuchsin-positive 
fibres were found in the white-crowned sparrow, Zebra Finch and C. coturnix 
to leave the tractus supraoptico-hypophysius in the anterior part of the median 
eminence and to turn ventrally. A dense reticular formation occurs beneath the 
tractus supraoptico-hypophysius. Fine, radially directed fibres proceed from the 
reticulum towards the external limiting membrane where they are situated just 
Opposite to and very near the primary capillaries of the hypophysial portal 
system. The fine fibres end in the median eminence and they do not re-enter 
the tractus supraoptico-hypophysius. In the posterior part of the median 
eminence fibres from the tractus tubero-hypophysius cross the tractus supra- 

us. The fine fibres form loops in the zona palisadica and they 
do not contain aldehyde fuchsin positive material So in the caudal part of the 
median nee neurosecretory material is diminished in comparison to that 
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| Benoit and Assenmacher(1953) noted five different layers in the median 
eminence of the duck. They are: (1) ependymal layer; (2) internal layer of 
the hypothalamo-hypophysial tract; (3) layer of fine fibres derived from 2: 
(4) special zone with nerve loops and neurosecretory material: and ( 5) pars 
tuberalis. 





Fig. 14.5. Sagittal, lateral section through the infundibulum and the hypophysis of the 
White-cr Sparrow, 

(Ch. ©), optic chiasma; (Ri) infundibular recess; Adenohypophysis : (1), 
pars distalis ; (2), pars tuberalis (infundibularis), Median eminence ; (3), ante- 
rior division; (4), posterior division; (pv), portal vessels; (5), infundibular 
sen; (6), neural lobe; Nuclei: (7), supraoptic nucleus; (8), paraventncular 
nucleus; (*), tractus supraoptico-hypophysius; ( f ), beaded neurosecretory 
fibres penetrating into the median eminence; (9) anterior and (10) postenor- 
division of the infundibular nucleus; (+), tractus tuberohypophysius—From 
Oksche( 192). 

Courtesy 





of Professor A. Oksche, Professor R. Diepen and Springer-Verlag, Berlin. 
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The ependymal layer according to Wingstrand(1951) consists of a layer of 
ependymal cells lining the surface of the ventricle, very few and scattered nerve 
fibres and a few scattered nerve cells may occasionally be present. Processes 
of the ependymal cells traverse through the outer two layers to reach the 
external surface. Flagellated or ciliated ependymal cells may be present in some 
birds. Single multiciliated cells were noted among the uni-flagellated ones in 
Anser. The fibre-layer is constituted by the tractus hypophysius which runs 
from rostral or rostrolateral directions towards the infundibular stem. Processes 
from ependymal cells separate the bundle of fibres one from the other. Glia 
cells with externally disposed processes are also noted in this layer. The 
glandular layer is traversed by multiple fine processes of the ependymal and 
glia cells, These filaments run towards the external surface and are fixed to the 


+ 


. B. 
o 





Fig. 146. Looped nerve fibres in the external infundibular 
zone of the bird (after Benoit and Assenmacher) 
which were thought to be collaterals of the 
Tr. supracpticohypophysius—From Diepen{ 1962). 
Courtesy of Professor R. Diepen and Sprnger- 
Verlag, Berlin, 


intima piac by broad, dilated ends (vascular feet), The Gomori-positive 
substance is plenty in the fibre bundles of the tractus supraoptico-hypophysius 
and in the rostral part of the glandular layer but it is absent from its caudal 
part. Some of the coarse fibres of the tractus hypophysius can be seen in the 
glandular layer of the median eminence only in its rostral part. Fine, looped 
nerve fibres are noted in this zone parallel to the ependymal fibres (fig. 14.6). 
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The neurohypophysis 


The neurosecretory substance produced in the supraoptic and paraventricu- 
lar nuclei of the birds is accumulated in the median eminence and the neuro- 
hypophysis. There are four different types of neural lobes in birds, 


Type I is noted in Srrigiformes,  Procellariformes, and Galliformes. In 
these orders the neural lobe is very simple. It is formed by hollow buds with 
thin primitive walls. Emigrated secondary tissue from the primitive infundi- 
bular one is very less. Only ependymal cells are present and pituicytes are 
rare. In adults the paired condition established in young embryos by the 
development of primary branches is hardly visible because it is hidden by the 
numerous hollow buds. Highly complicated neural lobes are found in Pro- 
cellartiformes and Galliformes. Perdix perdix shows compact type of neural 
lobe. 


Type Il: This type is noted in majority of birds including Srrurhio, 
Oceanites, Nycticorax, Charadriiformes, Columbifarmes, Falconiformes, Psittact- 
formes, Piciformes, Apodiformes, and Passeriformes. There is a central lumen 
near the base of the lobe and this lumen extends bilaterally as blind diverticula 
„and each of which may-sometimes divide into two or three diverticula. The 
walls are thick and secondary tissue forms most of the gland. 


Type III: This type is found in Pelecanoides, Priocella, Phalacrocorax, 
Anseriformes, Larus, Perdix, Cuculus, and Caprimulgus. The neural lobe con- 
sists of more of sencondary tissue and so the organ has a compact appearance. 
The lumen is found only at the base. of the gland. On the rostro-lateral surface 
a pair of lateral primary diverticula are found. One or a few median diverti- 
cula may also be found. The pituicytes are plenty except in Perdix where the 
cells are few. The ependymal cells are distributed in a limited fashion. 


Type IV: This type is seen in Spheniscus. The neural lobe is compact. 
Lobular character is lost. There are scattered membranes and connective tissue 
fibres within the gland.’ Narrow channels lined by ependyma are found in all 
parts of the gland. Ependymal cells and pituicytes are of equal number 
Budding from the primitive sac is plenty but the buds lose their superficial 
membranes because of fusion. Only the connective tissue fibres are present. 


The tem) cells in the neural lobe are like those noted in the median 
eminence but with the difference that here the processes do not branch so much. 
The ependymal oaa get attachment to the superficial membrane of the 
primitive w the membrane around vessels in the secondary tissue 

— aL YD by conical vascular feet. The pituicyte has the shape of 
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Nerve fibres to the median eminence and the neural lobe of the pigeon 


` The description has been taken from Wingstrand(1951). All the nerve 
libres at the junction between the neural lobe and the stem are concentrated in 
a tube-shaped tract surrounding the lumen of the stem. Towards the eminential 
side the tubeshaped tract continues in the fibre layer of the eminentia. The 
fibre path is known as tractus hypophysius and because it can be traced to 
the nucleus supraopticus it is called tractus supraoptico-hypophysius. The 
tractus hypophysius posterior is formed by few coarse fibres which separate 
from the tractus hypophysius just at the base of the stem and tum upwards 
along the posterior surface of the hypothalamus. Superficial eminential plexus 
is constituted outside the fibre layer in the median eminence and in the proxi- 
mal parts of the stem by a diffuse plexus of delicate and irregular fibres. This 
Plexus is mainly formed by tractus tubero-hypophysius coming from the tuber 
nuclei. Numerous fibres with an irregular course end in this plexus and 
there are also transverse fibres and decussation. This plexus innervates the 
glandular layer. The peculiar loops in the glandular layer take their origin exclu- 
sively from this plexus. The course of the tractus tubero-hypophysius before 
joining the superficial eminential plexus is very peculiar, From the tuber nuclei 
some fibres proceed along the lateral surfaces of the hypothalamus and enter 
the eminentia close to the intima piae and situated outside the tractus hypophysius.» 
Some other fibres take a separate course along the ventricle and reach the i 
ependymal layer inside the tractus hypophysius. These fibres run ventromedially * 
and then laterally passing between the bundles of the tractus perpendicular to 
the surface and join the superficial plexus. In the anterior third of the emi- 
nentia superficial plexus is still present and it can not be separately distinguished 
from the fibre layer as the two lie very close to each other and the glandular 
layer receives some fibres from the tractus hypophysius and these fibres form the 
peculiar loops in the glandular layer. The superficial plexus in this part gets also 
plenty of fibres from tubero-hypophysial tract. Postchiasmatic crossed and 
uncrossed fibres form the tractus supraoptico-hypophysius. The tractus hypo- 
physius anterior is formed by all postchiasmatic hypophysial fibres which do 
not belong to the tractus supraoptico-hypophysius or the tractus tubero- 
hypophysius. 


The tractus hypophysius posterior arises from a diffuse nucleus situated 
ventral to the decussatio tractus infundibuli and is called nucleus subdecussa- 
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Electron microscopic structure of the avian median eminence and 
the neural lobe 


Kobayashi er al.(1961) examined the median eminence of the parakeet, 
Melopsittacus undulatus and noted the processes of ependymal cells, neuroglial 
cells and terminal parts of axons with four types of structures. The processes 
of ependymal cells could be identified by the presence of large number of fibrillar 
structures, At the terminal segments of axon paths there were structures with 
average diameters of 390A (synaptic vesicles), other larger ovoid vesicles with 
diameters of 490A, elementary neurosecretory granules (600 to 1000A) and 
vesicles of the same size as the elementary granules. Structures which are 
intermediate between synaptic vesicles and ovoid vesicles could be found. 
Presence of all or some of these structures could be found in different nerve 
terminations, Folds of thick basement membrane of the primary capillaries of 
the hypophysial portal system enter into the median eminence and axon endings 
with synaptic and larger vesicles terminate on the membrane. Processes of 
ependymal and neuroglial cells interpose between the nerve terminations and 
the basement membrane. Typical elementary granules and vesicular structures 
are found in the fibre layer of the median eminence. Processes of ependymal 
fibres and sections of nerves have also been noted, Oota and Kobayashi(1962) 
and Bern and Nishioka(1965) studied the ultrastructure of the avian median 
eminence. 


Duncan(1956), Legait and Legait(1958), and Kobayashi er al.(1961) noted 
the terminations of the neurosecretory axons in the neural lobe. These termi- 
nations are surrounded by pituicytic cytoplasmic processes. The terminations 
contained the same structures noted in the median eminence. The granules 
vary in size from 600 to 1000 A in the terminations located in the median 
eminence but the diameter ranges from 600 to 1750 A in the neural lobe. 


Oksche(1965), Oehmke er al.(1969) and Oksche ef al.(1970) studied the 
hypothalamo-hypophysial system of birds with the help of electron microscope. 
They found in Passer domesticus that the granules (diameters up to 1000 A) of 
the tubero-infundibular tract are formed in the Golgi zone of the cells of the 
infundibular nucleus. Axodendritic and axosomatic synapses are found in the 
nerve cells of the infundibular nucleus. Different types of structures are noted 
in the nerve endings of median eminence They contain vesicles (400-600A), 
vesicles (400A) and granules (800A), granules (800-1000A), vesicles (300-400A) 
and granules (1200A) and granules from 1200A to 1600A. In the pars nervosa 
of the hypophysis the diameter of the granules is from 2000 A to 2500 A. 


Farner ef al.(1967) in their survey on neuroendocrine mechanisms in birds 


a oe. A very a: question is thet af possible functional synaptic contacts 
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Calas and Assenmacher(1970) studied the ultrastructure of median eminence 
in the canard (Anas platyrhynchos). Within the subependymal layer neurons 
of the nucleus infundibularis, axons and varicosities with dense core granules, 
and capillaries with structural characteristics similar to those in the superficial 
layer were present. The axons of the hypothalamo-neurchypophysial tract were 
seen in the fibre layer. Evidence for at least three main types of neurosecre- 
tory axons are seen in the palisade layer. Peczely and Calas(1970) described 
the ultrastructure of the median eminence in the pigeon (Columba livia 
domestica) in different experimental conditions. Hypothalamic control . of 
adrenocorticotrophic function was specially discussed with particular reference 
to the role of the 1200-1400 A granules 


Enzymatic activity in the median eminence and the neural lobe 


Kobayashi er al.(1962) found increase in acid phosphatase activity in the 
neural lobe of dehydrated pigeons without any increased activity in the median 
eminence. Similar feature was noted in the Whitecrowned sparrow by Farner 
et al.(1964) and Kawashima er al.(1964). Similarly, increased acid phosphatase 
activity has been noted in the median eminence without any change in the neural 
lobe after photostimulation of testicular growth in the white-crowned sparrow 
by Kobayashi and Farner(1960), Farner er al.(1964) and in Zonotrichia albicollix 
by Wolfson and Kobayashi(1962). This proves a dissociated response in between 
the median eminence and the neural lobe and that an acid phosphatase may be 
responsible for the release of neurohormones into the primary capillaries of 
hypophysioportal vessels. 


Photoperiodic gonadal stimulation in Zonotrichia leucophrys gambelii (the 
White-crowned sparrow) led to an increase in catheptic proteinase activity in the 
median eminence, whereas Kobayashi er al.(1962) did not find any such change 
in the neural lobe. This is also an example of the dissociated response ; but 
dehydration increases such activity in the neural lobe and the median eminence. 
Increased activity in the neural lobe is associated with the increased release of 
antidiuretic hormone. Increased activity at the median eminence is due to the 
concomitant release of corticotrophin-releasing factor (CRF) as Kawashima 
er al.(1964) could find that there was depletion of sudanophilic material in the 
interrenal cells after dehydration, | 


Acetylcholinesterase activity was found in the median eminence of the 
White-crowned sparrow by Kobayashi and Famer(1964), Uemura(1964) noted 
this activity in Zosterops palpebrosa japonica. Kobayashi(1965) found it in 
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MAO activity was noted in the median eminence surrounding the small blood 
vessels or primary capillaries of the hypophysioportal system. Little or no 
reaction was found in the supraoptico-hypophysial tract and the ependymal 
celis. Ihe cytoplasm of the glia cells gave a strong reaction. MAO activity in 
the median eminence is located mainly in the aldehyde-fuchsin-negative nerve 
endings and/or the processes of the glia cells. As catecholamines are not present 
in the glia cells, MAO is present only at the terminations of the aldehyde- 
fuchsin-negative fibres of the median eminence (posterior part). Thus adrenergic 
mechanisms may help in the release of releasing factors into the primary capil- 
laries of the hypophysioportal system of the median eminence. 


Avian hypothalamic monoamines 


Avian hypothalamic monoamines have been demonstrated by Fuxe and 
Ljungeren(1965), Bjorklund ef al.(1968), Sharp and Follett(1968), Oehmke 
er al.(1969), Sharp and Follett(1970), Oksche er al.(1970) and Oksche(1971) 
with histochemical fluorescent technique. 


Fuxe and Ljunggren(1965) studied the cellular localization of monoamines 
in the upper brain stem of the pigeon. Green and yellow fluorescence developed 
findicating the presence of a primary catecholamine and 5-hydroxytryptamine 
respectively, Low concentration of amines is found in the cell bodies and axons 
but very high concentration is found in the terminals, specially in the abundant 
varicosities, Three large ascending monoamine systems are present within the 
Upper brain stem, The fibres start from cell bodies located within the mesence- 
phalon and run mainly in the medial forebrain bundle. Two of the neuron 
systems produce and store a primary catecholamine, one probably giving rise 
mainly to terminals within the hypothalamus and the praeoptic area, the other 
within the corpus striatum, The remaining system produces and stores 
5-hydroxytryptamine. 


In the median eminence (palisade layer) fluorescent terminals are small in 
number though they are variable. Sharp and Follett(1970) stated that the 
fluorescent terminals in the palisade layer are probably derived from the monoa- 
mine containing axons in the subependymal layer, Bjorklund et al.(1968) found 
stronger fluorescence in the chicken than in the pigeon. Sharp and Follett(1968) 

observed similar terminals in the anterior and posterior divisions of the quail 
median eminence. The terminals end on the primary capillary plexus. Sharp 
ae Follett (1970) stated that in the reticular layer fluorescent structures are 
| — are some coarse beaded fibres which run from cephalic to caudal 







eus | ala in is Teor ‘medialis, Sharp and Follett(1970) found 
| * rer ning to Seana nucleus tuberis to the sub- 





a 
— 
(O: 
— 
L LIBRARY 


CENTRA 





354 COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


this forms a part of the tubero-hypophysial tract in the quail. Fibres from the 


oe hypothalamicus posterior medialis may also add to the previous fibre 
system. 


Fluorescent cell bodies have not yet been well detected in the avian hypo- 
thalanıus although in the mammalian nucleus tuberis catecholamine containing 
cell bodies are seen well in pregnancy and lactation. 


the nucleus hypothalamicus posterior medialis is placed in such a central 
location for reception, modulation or transmission of information that message 
can easily be conveyed by adrenergic pathways between higher brain centres, 
anterior hypothalamus or lower brain stem and the nucleus tuberis or median 
eminence. Sharp and Follett(1970) found fluorescent tracts to proceed in the 
stratum cellulare internum connecting with the anterior hypothalamus while 3 
lateral tracts join the forebrain bundle. i 


In the anterior hypothalamus the supraoptic and paraventricular nuclei are 
surrounded by monoaminergic nerve fibres. Plexus of adrenergic fibres is 
more in the medial division of the supraoptic nucleus than in the lateral divi- 
sion. The adrenergic fibres of this system come from cells located in the pons 
and medulla. 


= s ` 
Dopaminergic neural system starting in the hindbrain and terminating in the 
nucleus basalis and the forebrain after passing through the forebrain bundle also 
occurs in the avian brain. 


Monoaminergic supraopticohypophysial system also occurs in birds, The 
fibres come from the medial division of the supraoptic nucleus. 


Oksche(1971) summarized the observations regarding detection and loca- 
lization of avian neurons producing neurohormones and releasers with special 
reference to the hypothalamo-hypophysial system, The anterior division of the 
median eminence is Gomori-positive. The same positive reaction is noted in 
the supraoptic and paraventricular nuclei and in the neurosecretory pathway 
leading to the neural lobe. With Falc-Hillarp fluorescence preparation, arcuate 
(infundibular) nucleus with fluorescent structures is seen but the neural lobe 
‘gives a complete negative picture. Amongst and in between fluorescent and 
nonfluorescent structures of the hypothalamus there are some other types of cells 
which should be considered as releasers, . In the White-crowned sparrow the 
anterior group of portal vessels is connected with the anterior median eminence 
and the cephalic lobe of the anterior pituitary and posterior group connects the 
posterior median eminence with the caudal lobe. The anterior median eminence 
is Gomori-positive whereas the posterior median eminence is Gomori-negative. 
Lesion near the optic chiasma interrupts the supply of Gomori-positive subs- 
tance to the anterior median eminence. Bern and Nishioka(1965) noted in the 
















house sparrow that the elementary granules in the neural lobe are bigger than 
those noted in Gomori-positive area. Oksche(1967) and Oehmke er al.(1969) 
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7 observed in the house sparrow that the supraoptico-and paraventriculo-hypophy- 
sial tracts contain the elementary granules with a diameter of 200 nm but the 
largest granules have got a diameter of 120-150 nm in the anterior median 
eminence, He suggested that the anterior hypothalamus contains the cells 
wherefrom these aldehyde-fuchsin-positive fibres come to the anterior median 
eminence. Amongst the cells of the supraoptic nucleus having 200 nm granules 
some cells with smaller (120-150 nm) granules were observed. These correspond 
to those smaller granules noted in the anterior median eminence (Gomori- 
positive endings). He further said, “There are also some fluorescent elements 
in the proximal neurosecretory pathway, so that this part of the tract does not 
contain only nerve fibres connecting the anterior hypothalamus with the neural 
lobe but also other fibres, fluorescent or non-fluorescent, connecting some ante- 
rior nuclei of the hypothalamus with the ME”, 


Boissin and Assenmacher(1971) discussed the implication of the central 
aminergic mechanisms regarding the determination of the circadian rhythm of 
blood corticosterone in the quail. 


Peczley(1971) studied the effect of metyrapone, prednisolone and insulin 
treatment on the domestic pigeon’s hypothalamus. Close functional correlation 
exists between the aldehyde-fuchsin-positive neurosecretory system of the 
‘anterior hypothalamus and the median eminence and the corticotrophic activity. 
The arcuate nucleus may play an important part in the regulation of ACTH 
secretion. 


Bouille and Bayle(1973) conducted experimental studies on the adrenocor- 
ticotrophic area in pigeon hypothalamus. In the posterior medial and lateral 
hypothalamic areas there is a well-defined adrenocorticotrophic area, destruction 
of which leads to the same decrease of the plasma corticosterone as is noted 
after adenohypophysectomy and this also prevents the progressive recovery of 
= adrenocortical function after autografting. 


Calas(1973) studied the monoaminergic innervation of the median eminence 
in the canard (duck) Anas platyrhynchos including radioautographic and pharma- 
cologic studies, Findings suggest that the neurons of the median eminence are 
probably modulated by catecholamines and other neurotansmitters on their 
dendrites and on their soma. 


By an autoradiographic study of sex steroids in the chicken telencephalon 
Wood-Gush et al.(1977) found estrogen, progesterone, and testosterone labeled 
cells in the hyperstriatum ventrale, The general distribution was similar with 
each hormone, Estrogen and testosterone were more extensively distributed. 
rogesterone was confined to a small area of the lateral hyperstriatum. Estrogen 
testosterone also labeled cells in the hyperstriatum dorsale and in the nucleus 

—— ells in t ie i le fowl brain accumulating radioactivity after *H testosterone 
ıdministration were identified by autoradiography (Barfield er al.,1978), Labeled 
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cells were mainly found in hypothalamic, limbic and midbrain structures. This 
was comparable to that for sex hormone uptake in vertebrates in general. 
Areas concerned with sex hormone-dependent functions generally accumulated 
T. Marked uptake was noted in the preoptic area, in the anterior and posterior 
hypothalamus, in the archistriatum particularly in the nucleus taeniae, and in 
the lateral septum, In the midbrain, substantial optake of labeled hormone was 
noted in the nucleus intercollicularis. 


Hypothalamic lesions were produced in White Leghom hens by Egge 
et al.(1975). They include lesions of sepromesencephalic tract (tract lesions) 
and ihe supraoptic or ventrolateral nuclei (nuclear lesions). With tract lesions 
tosiral lobes of the pituitary had higher levels of TSH than noted in controls 
There was no change in the caudal lobe, When lesions were produced in the 
nuclei, an insignificant decrease in TSH levels in the rostral lobe was observed. 
Insignificant increase in the caudal lobe was noted with nuclear lesions, Radke 
and Chiasson(1977) concluded that thyrotrophs responding to circulating levels 
of thyroid hormone were located throughout both the lobes of the gland but 
— responding to hypothalamic TRH were only situated in the rostral 
obe. 


Cell types of the avian pars distalis ` 


The cell types have been described by Rahn and Painter(1941), Wings- 
trand(1951, 1963), Mikami(1958, 1960), Tixier-Vidal et al.(1962), Benoit(1962) 
and Tixier-Vidal(1963). The avian adenohypophysis has no intermedia. The 
pars tuberalis is constantly present and the pars distalis is divided into a cephalic 
lobe and a caudal lobe. 


Benoit(1962) described the histology of the duck’s pituitary. _Acidophilic 
cells are alpha and eta and the glycoproteidic cells are beta, gamma, and delta 
cells. There are three types of gonadotrophic cells. Gamma cell which is one 
type of gonadotrophic cell is found only in the caudal lobe of the pituitary. It 
is carminophilic in Azan stain, purple in Herlant’s tetrachrome, light blue in 
Methasol blue PAS method and it is PAS-positive. Period of activity is from 
December to April (testicular growth period). The cells involute with regression 
of testes. These cells produce LH. 


Cephalic lobe beta cells are not carminophilic. They are PAS positive and 
purple with Herlant’s dye. With Methasol blue-PAS these cells look violet blue. 
‘These cells are active from Se eee 8 Hase 
are ie the cephalic lobe. They are erythrosir 

S negative a look light blue with Methasol b 
ecember to April, Probably they secrete 
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delta and gamma) and three acidophilic forms: ( alpha, eta and epsilon), The 
seventh type called kappa is peculiar to birds. Alpha and gamma cells are found 
in the caudal lobe and the beta, eta, epsilon and kappa cells are located in the 
cephalic lobe. The delta cells are equidistributed between the two lobes. iden- 
tification of FSH-beta cells, LH-gamma cells, prolactin-eta cells and TSH-delta 
cells could be done. Cornticotrophic activity seemed to be localized in the 
epsilon acidophilic cells. STH could be secreted by alpha cells and kappa cells 
are the source of MSH. 


The cells of the cephalic lobe are controlled primarily by neurohormones 

secreted by supraoptic and paraventricular nuclei and the cells of the caudal 

+ lobe are controlled by neurohormones from the infundibular nuclei (Famer 
et al., 1967), 


Brain mechanisms responsible for ACTH release in the pigeon 
(Columba livia) 


de Roos(1963) reviewed the physiology of the avian interrenal gland, It 
is stated that corticosterone and aldosterone are the major corticoid hormones 
secreted by the avian interrenal, The interrenal is dependent on the anterior 
pituitary for normal function but there is a great deal of controversy regarding 
the degree of such control. Even in the absence of the pituitary, the interrenal 
functions at a high level (Miller and Riddle,1942; Miller,1961; Assenma- 
cher,1958; Benoit,1962; Ma and Nalbandov.1963). Farner er al.(1967) con- 
cluded that the avian adrenocosticotrophic activity of the pars distalis is only 
partially regulated by hypothalamic neuroendocrine mechanisms. Semi-indepen- 
dent function of the adrenal cortex is possible in the absence of the pars distalis. 
Peczely(1971) and Bouille and Bayle(1973) indicated the existence of hypotha- 
lamic adrenocorticotrophic area in the pigeon, Salem er al.(1970) had indica- 
tions that chicken hypothalami contain ACTH or an ACTH-like substance. 
‘They also indicated that the adrenal ascorbic acid depletion in hypophysecto- 
mized rats by chicken hypothalamic extracts was not due to vasotocin. The 
hypothalamic depleting substance was different from hypophysial ACTH. 
Corticotrophin releasing factor (CRF) is present in the chicken hypothalami. 


Bouille and Bayle(1973/74) studied the effects of limbic stimulations or 
lesions: on basal and stress-induced hypothalamic-pituitary-adrenocortical acti- 
vit in the pigeon. 
i in the in 
titer increased after. 
stress-induced responses. No behavioral signs were detected during and 
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Comparison between hypothalamic, hippocampal and septal multiple unit 
activity (MUA) and basal corticotrophic function in unrestrained, unanesthetized 
resting pigeons was made by Bouille and Bayle(1976). “The pattern of electrical 
activity recorded from the adrenocorticotrophic area of the hypothalamus showed 
diurnal variations which paralleled the plasma corticosterone fluctuations during 
24h photoperiod. Both parameters were low in the late afternoon and the even- 
ing and high in the early morning, Hypothalamic activation slightly preceded 
the peak of corticosteronemia. Conversely, in hippocampal(H) and septal(S) 
regions, the peak of MUA occurred in phase opposition with respect to the hypo- 
thalamic peak, and there was a marked decrease of firing rates at the moment 
when adrenocorticotrophic activation was initiated. 


Comparison was made between hypothalamic multiple-unit activity and 
corticotrophic function after bilateral destruction of the hippocampus of the 
pigeons by Bouille and Bayle(1978). In unrestrained resting pigeons multiple 
unit activity (MUA) was recorded from the adrenocorticotrophic area (n. posterior 
medialis hypothalami, PMH) throughout the 24h period and compared with 
plasma corticosterone(B) levels. Diurnal variations of MUA and B were found 
to be suppressed after bilateral electrolytic lesions of the hippocampus, “Both 
parameters were stabilized at a steady high level whereas complete neural isola- 
tion of the basal hypothalamus led to stabilized intermediate plasma B level and 
MUA pattern.” - 


Ramade er al.(1980) studied adrenocortical responses to systemic or neuro- 
genic stress and to hypothalamic stimulation in chronically catheterized thalamic 
pigeons (Columba livia), They suggested, “Extrahypothalamic neuronal net- 
works are responsible for the long-lasting repetitive adrenocorticotrophic res- 
ponse to stress, which are not involved in the single response to hypothalamic 
stimulation itself. Furthermore, such extrahypothalamic neuronal networks 
should be located at the diencephalic or rhombencephalic level since hemisphie- 
rectomized pigeons exhibited the same profile of stress-induced episodic hyper- 
corticosteronemia as seen in intact birds.” 


Observations (From Roy,1976) 


(1) Feedback receptor sites in the median eminence region of the pigeon 
sensitive to adrenocortical steroids : 


Corticosterone, cortisol and dexamethasone have been implanted into the 
basal region of the hypothalamus (median eminence), dorsal hypothalamus and 


The animals were killed by decapitation one week after operation, 
nal weight, plasma and adrenal corticosterone levels were analysed. 
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levels were found when dexamethasone was put in the median eminence, 
Cortisol and Corticosterone implanted into the median eminence had similar 
results except the fact that they could not change the adrenal weight. Dorsal 
hypothalamic and anterior pituitary implantation had no effect. The responses 
were more in the dexamethasone group. | 


50% fall of plasma corticosterone level occurred when ACTH was implanted 
into the median eminence without any change in the adrenal weight whatsoever 
(three days after the implantation). 


(2) Corticotrophin releasing factor (CRF) after destruction of supraoptic, 
paraventricular, tuberal and ventromedial nuclei and anterior median eminence 
of the pigeon : 


These lesions (electrolytic) when singly done could not reduce the CRF 
of the median eminence; rather it was high on some occasions. It proves 
thereby that CRF producing neurons are not localised to any of the particular 
areas concerned, Maximum increase was observed in the group where the 
anterior median eminence was damaged, Plasma corticosterone levels were 
measured after intracarotid injection of the hypothalamic extracts [Prepared 
ufter the method of Vernikos-Danellis(1964)] in dexamethasone blocked (median 
eminence) pigeons. 


(3) CRF in the median eminence and plasma of the hypophysioportal 
vessels of the pigeon : 

CRF has been found in the median eminence. There is a rise in the CRF 
content after the stress of ether anaesthesia for 45 minutes or fracture (1 day). 
The hypophysioportal vessels have been approached through the transorbital 
route and divided, Blood collection rate varied between 0.4 ml. and 0.5 ml./hour, 
Plasma corticosterone levels were measured after intracarotid injection of the 
portal vessel plasma in dexamethasone blocked (median eminence) pigeons. 
Presence of CRF in the portal vessel platma has been noted in the pigeon. CRF 
in the pigeons’ portal vessel plasma diminished in animals with implantation 
of corticosterone, cortisol and dexamethasone in the basal region of the hypo- 
thalamus (median eminence). Plasma from peripheral vessels did not contain 


CRF activity to any great extent as compared to the results obtained by injec- 
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(4) Aldehyde-fuchsin-positive material and plasma corticosterone level in 
normal and stressed (fracture) pigeons : 
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Aldehyde-fuchsin-positive material 


i 
Supraoptic Para- Anterior Posterior Neural Rise in 
nucleus. ventri- median median lobe. plasma 
cular eminence. eminence, corticos- 
nucleus, icrone 
level, 
en + + + o + 
Stress (fracture Partial oO Partial oO 1% 
of right femur) depletion depletion 
(3rd Hr.) (7) in some & not 
IM, in son — | ‘ 
: in all 
animals, 
Stress (fracture Depletion oO Depletion O oO 100% 
of right femur) in more in more 
(1 day) (8) number of number of 
animals. animals. (] 
+ — Present ; O = No change ; ( ) = Number af animals, 
After the method of Guillemin er al.(1959), modification of Silber — 
(5) Changes in epsilon cells of the anterior pituitary, and adrenal in response 


to fracture and dexamethasone injection in the pigeon : - 
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(6) Adenohypophysial grafting in the medial basal hypothalamus of the 
pigeon and other areas: cellular morphology. 





Location of the graft Cellular morphology Cellular morpho- 
logy) Stress res 
Herlant’s Alcan bluc- ponse to fracture 
tctrachrome PAS-orange G (3-5 days). 
(1) Upper eyelid Cells were small in size. There No change could 


was diminished cytoplasm and the be seen. 
nuclcı were also small, 


(2) Dorsal hypothalamus (basal 
aspect) 


(3) Ventral hypothalamus (median Active granulated cell types could Increased activity 
eminence, tuberal nucleus, ven- be seen. PAS-positive basophils in the epsilon 
tromedial nucleus and retrochi- and bluc delta basophils could be cells and the 
asmatic area adjoining the identified. The grafts also con- basophils could 
aldehyde-fuchsin- positive tained eta and epsilon cells. be observed. 
fibre-area) 


(7) Stimulation and lesion experiments of the brain in the pigeon and 
ACTH release : 


Freely moving birds, with chronically implanted electrodes of 0.3 mm, in 
diameter with insulation except at the tip were used for stimulation expenments. 
These were bilaterally implanted either superficially or at a depth. In the control 
series no stimulation was applied. The frequency of stimulation was 15-30 cps, 
the duration of the rectangular pulse was 3 msec, the voltage used was from 3 
to 5 V. The total time of stimulation varied from 3 to 8 minutes. 


In the lesion experiments, surface lesions were produced surgically and 
depth-lesions were produced by electrocautery. 


Peripheral blood corticosterone levels were studied 4 hour after stimulation 
and in the lesion experiments after 3 to 5 days. 


Stimulation experiments Release of ACTH 


a) Ve tral and posterior hypothalamic stimulation- Increased ACTH release, 


m in ominence, nucleus —— pos- 
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Summary and conclusion 


(1) There are feedback receptor sites in the median eminence region of the 
pigeon (Columba livia) which are sensitive to adrenocortical steroids. 


(2) Corticotrophin releasing factor (CRF) is present in the median eminence. 
CRF producing neurons are not localized to any particular ventral hypothalamic 
nuclear groups, rather a widespread nuclear chain is involved in this process. 


(3) Stress of ether anaesthesia or frocture leads to a rise in CRF content 
of the median eminence. The hypophysioportal vessels plasma contains CRF. 


(4) Evidences of correlation have been observed between the aldehyde- 
fuchsin-positive material in the supraoptic nucleus, anterior median eminence 
and plasma corticosterone level. Stress responses have been observed, 


(5) Epsilon cells in the cephalic lobe of the pars distalis of Columba livia 
produce and secrete ACTH. Stress of fracture stimulates the pituitary-adrenal- 
axis and dexamethasone inhibits it. 


(6) Hypophysiotrophic area (median eminence, tuberal nucleus, ventrome- 
dial nucleus and retrochiasmatic area adjoining the aldehyde-fuchsin-positive 
area) could be identified in Columba livia from. pituitary grafting (in medial 
basal hypothalamus) experiments. Stress response could be observed in the 
epsilon cells and basophils of the grafted pituitaries. 


(7) Stimulation and lesion experiments of the brain of Columba livia have 
been conducted with a view to note the control of ACTH release. Areas from 
where increased ACTH release has been obtained on stimulation are ventral 
and posterior hypothalamus (median eminence, nucleus hypothalamicus postero- 
medialis, nucleus inferior and arcuate nucleus), and archistriatum. Hippocampus, 
septum, septomesencephalic tract and medial forebrain bundle are inhibitory 
areas for ACTH release. 


Further reviews on neuroendocrinology in birds 


This subject has been reviewed by Kobayashi and Wada(1973) in greater 
details. 

According to Kobayashi (from Kobayashi er al., 1970) the median eminence 
on its external surface is covered by the capillaries of the primary plexus of the 
hypophysial portal veins and interiorly the basal portion of the hypothalamus 
occupied by the processes of the ‘secretory ependymal cells. (There are some 
cells of the infundibulur nucleus in this portion). Kobayashi and Wada(1973) 
tabulated the structural components of the median eminence of birds and noticed 
an internal and an external zone. The internal zone had three layers. The 
— * had ependymal cells, sad layer had hypendymal cells and 
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reticular layer are supraopticohypophysial tract, tubero-or infundibulo- -hypophy- 
sial tract, glial cells, ependymal, hypendymal and glial processes. The compo- 
nents of the palisade layer were the same as those of reticular layer; but after 
leaving the reticular layer; ali the fibres and processes proceed in palisade 
fashion to the basal surface of the median eminence in this layer. 


The authors further stated that some AF positive fibres starting from the 
nucleus supraopticus and nucleus paraventricularis proceed in the fibre layer 
towards the pars nervosa as supraopticohypophysial tract. In the anterior 
median eminence, other AF positive fibres descend to the palisade layer. AF 
negative fibres end in both the anterior and posterior median eminences and this 
has been detected ultrastructurally. The terminations are near the capillaries 
of the primary plexus of the hypophysial portal vessels. Large granules (1500- 
2000 A) may be carriers of neurohypophysial hormones and granules of 1000 A 
may be the carriers of monoamines. In the anterior median eminence the large 
granules are plenty; but they are rare in the posterior median eminence. In the 
pigeon large granules increased in number in the posterior median eminence after 
hypophysectomy, In both the anterior and the posterior median eminences 
granules of 1000 A are present. Other granules may carry possibly releasing 
efactors. There are more digitations of the perivascular space of the capillaries 
of the primary plexus in the parenchyma of the posterior median eminence than 
noted in the anterior median eminence. In the posterior median eminence more 
axon endings are in contact with the perivascular space and axons containing 
granules of 1000 A make synaptoid contacts with ependymal processes in the 


hypendymal and palisade layers. 


The cell stations for fuchsinophilic (AF-positive) neurosecretory system 
are the cells of the nucleus supraopticus and nucleus paraventricularis. 
Arginine vasotocin and oxytocin are produced in them. There are fibre 
paths for those cells and axon terminals in two neurohaemal regions: the 
anterior median eminence and the pars nervosa. In both the neurohaemal 
areas arginine vasotocin and oxytocin are found. Release of the substances 
takes place from pars nervosa into the systemic blood and from the median 
eminence into the portal vessels. Release of these hormones is controlled by 
monoaminergic fibres as many such fibres as demonstrated by monoamine oxidase 
histochemistry and fluorescence microscopy come in contact with the perikarya 
of the AF + neurosecretory cells. Antidiuretic and vasopressor activity has 
been noted in arginine vasotocin, Oxytocin is diuretic and vasodepressor. 
peer of arginine vasotocin for contractile action on the fowl oviduct is more 

vasotocin than in oxytocin. In some species of birds oxytocin leads 
Don fatty acids and blood sugar. The AF + system produces some 
adenohypophysiotrophic neurohormones which enter the pars distalis from the 
anterior median eminence through the anterior portal vessels. 


_ The AP negative neurosecretory system comprises of cells whose localiza- 
ot de itely known but they have got axons and axon-endings in the 
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median eminence. This system produces releasing factors which reach the 
pars distalis and pars tuberalis through the adenohypophysial portal system. 


Ependymal cells of the median eminence secrete some substances into the 
third ventricle and absorb some material from the third ventricle. The processes 
of the ependymal cells extend to the capillaries of the primary plexus. “The 
presence of ventriculohypophysial system is suggested in relation to hypothala- 
mic control of the adenohypophysis.” 


Monoaminergic and. non-monoaminergic cells form the nucleus infundibu- 
laris. The tubero-infundibular component of the releasing factor system plays 
an important role in the secretion of gonadotrophin. Both the neurons of the 
nucleus infundibularis send their axons to the palisade layer of the median 
eminence. The fibres form the tubero-infundibular tract, Monoaminergic 
neurons may produce gonadotrophin-releasing factors, At present there are 
evidences for gonadotrophin-releasing factors, a prolactin-releasing factor, an 
adrenocorticotrophin-releasing factor, and growth hormone-releasing factor in 
the avian hypothalamus. The chemical nature of the releasing factors and their 
location of formation in neural components are not known. 


Calas(1975) studied the avian median eminence as a model for diversified’ 
neuroendocrine routes. In the duck median eminence, three main neuroendocrine 
routes may be described. LH-RH fibres in the hypothalamo-adenohypophysio- 
trophic tract could be traced by immunocytochemistry in the external zone of 
the rostral and caudal median eminence (and also of the organum vasculosum 
laminae terminalis). Ultrastructurally there are two types of granulations, 
1000 A and 1200-1400 A. Vasotocin-immunoreactive axons were recognized 
by the author in the hypothalamo-posthypophysial tract. They are localized in 
the inner median eminence and also in the outer zone of the rostral ME. So, 
possibly this peptide has an action on the adenohypophysis. The labelling of 
the tanycytes observed 90 min after intraventricular injection | of °H-TRH is 
particularly intense after administration of "H-histidine but weak after “H-proline, 
suggesting a selective function of these cells in the transport — the 


synthesis of this peptide. n sabe 


“These three neuroendocrine routes might be linked vf the monoa 
innervation of the ME. Its noradrenergic component ends upon th "eka ies 
and perikarya of infundibular neurons in the inner WE vh 
component might affect in the outer ME the neurosecretory | 
of s. In fact, these two m ergic 
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diameter of the granules of 93, 112, 130, 147 and 168 nm respectively. Group C 
axons could be further subdivided into Cl (164 nm granules), C2 (179 nm), 
and C3 (193 nm). Larger granule containing axons belonged to the fibre layer 
axons having terminations in the pars nervosa. In the equine pars nervosa the 
neuroseoretory axons could be divided into BI (123 nm granules), B2 (145 nm), 
B3 (158 nm), Cl (170 nm), C2 (180 nm), and C3 (190 nm). The number of 
group Al axons in’ pars nervosa was very meagre. There was no group A2 axon 
in the pars nervosa of the horse but it was the most frequent axon group in 
the equine median eminence. 


In the rat the authors found six axon groups (Bl, B2, B3, Cl, C2, ©) 
in the pars nervosa, The median granule diameters were strikingly similar to 
those noted in equine median eminence and pars nervosa, 


In the bird Japanese quail (Cofurnix coturnix japonica) the median granule 
diameters in the axons of the median eminence had a similar pattern as noted in 
equine median eminence. In this location there were six groups of neurosecre- 
tory axons. They are Al, A2, Bl, B2, B3, and Cl. The median granule dia- 
meters of these axons were slightly less than those in the horse. The authors 
examined only the external zone of the palisade layer of the median eminence 
with exclusion of the axons of the fibre layer, So they did not observe C2 and 
C3 axons in the median eminence of the Japanese quail. In the pars nervosa 
there were Bl, B2, B3, Cl, C2 and C3 axons and a small number of group Al 
axons. There was no group A2 axon in the pars nervosa of the Japanese quail. 


They concluded that the presence of group A2 axons is characteristic of the 
median eminence. This group is absent in the pars nervosa. C2 and C3 axons 
are present only in the pars nervosa and are not found in the external zone of 
the median eminence. In both these places BI, B2 and B3 axons have been 
noted (median eminence and pars nervosa). Group Al axons are frequent in 
the median eminence but scarcely found in the pars nervosa. Cl axons are 
rare in the median eminence but not so rare in the pars nervosa. 


Group Al axons are noradrenergic. Granules of group A2 axons contain 
LRH. Other releasing or inhibiting hormones may also be contained in A2 
axons. BI, B2, and B3 axons contain corticotrophin-releasing hormone (CRH) 
and neurohypophysial hormone (vasopressin in the mammal and vasotocin in the 
bird). The anterior median eminence of the Japanese quail contained more 
B2 axons than the posterior median eminence, Granules of group B2 axons 
contain vasotocin or vasopressin. Group C axons are thought to contain oxy- 
erage in the mammal or mesotocin in the bird. MSH-inhibiting or releasing 
a may be contained ‘in group C axons. 


egard ng the regional differentiation of the median eminence, the authors 
d the fü hypothesis in the bird. A single type of neurosecretory 
cin and releasing a single type of neurosecretory hormone, i.e, 
sin ‚ hormone may terminate in both the anterior and posterior 
EM amic FSH centre may send these axons in the” 
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anterior median eminence or these may be regulated by neurons Originating in 
the hypothalamic FSH centre. Hypothalamic LH centre may similarly send 
axons in the posterior median eminence, Following excitation of the FSH centre 
release of FSH-LH-releasing hormone occurs from the anterior median eminence 
and not from the posterior median eminence. As a result, there will be release of 
FSH from FSH cells which are thought to be situated only in the cephalic lobe, 
Similarly, when the hypothalamic LH centre is excited, release of LH from LH cells 
is noted which are believed to be distributed only in the caudal lobe. Thus the 
authors think that, “only a single or few kind of releasing hormone can regulate 
the release of multiple or a number of adenohypophysial hormones independently. 
Therefore, no or only slight difference in the axon population may be encountered 
between the anterior and posterior median eminence of the bird”, 


Controlling activity of the adenohypophysial cells by the specialized epen- 
dymal cells of the median eminence may take place either by a change in the 
concentration of a certain type of releasing hormone or active substance in the 
cerebrospinal fluid, or by a change in the transport activity of the ependymal 
cells of a certain area of the median eminence. For the latter type of control, 
the ependymal cells should be neurally controlled as well, 


They concluded, “In general, the ordinary nervous system produces a limifd 
kind of trasmitter substance, although it controls a number of target organs. 
This system discriminates the information by developing the regional differentia- 
tion of the centre and the pathway conducting the information. On the other 
hand, the endocrine system uses a common pathway, the circulatory system and 
discriminates the information by the chemical diversity of the mediator. Thus, 
neurotransmitter substances are not so numerous in kind and not specific to the 
organ, but rather the hormone. The neurosecretory hormone of the median 
eminence seems to have an intermediate character between neurotransmitter 
substance and hormone in this sense”. 


Mikami(1975) made a correlative ultrastructural analysis of the ependymal 
cells of the third ventricle of Japanese quail (Corurnix coturnix japonica). 
Distinct regional variations in the ependymal cells of the wall and floor of the 
third ventricle of Japanese quail were noted by the author. The cilia of the 
dorsal two thirds of the ventricular wall have a peculiar club-shape, with increase 
in diameter towards the tip and terminate in a bulbous enlargement having a 
prickly surface appearance, 


Two types of ependymal cells line the ventral wall and floor of the third. 
: (1) nonciliated ependy ee large bleb-like protrusions, the | 
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third ventricle may take place. Uptake of ferritin could however, be demons- 
trated by the tanycytes in the ventrolateral wall and floor of the third ventricle. 
This suggests that tanycyles form a link between the CSF and portal circulation. 


The authors further stated that the paraventricular organ appears as a 
distinct groove-like ependymal formation which is situated on the lateral wall of 
the lower third of the ventricle III. The organ consists of two types of non- 
ciliated ependymal cells and two types of nerve cells. A bulb-shaped ventricular 
process protrudes from the nerve cell situated in the subependymal layer and 
the process absorbs ferritin from the ventricle. The paraventricular organ may 
be a chemoreceptor and a secretory organ. 


Nakai and Naito(1975) concluded that the ependymal cells in the frog 
median eminence have intracellular bidirectional (ascending and descending) 
transport activities of substances coming from both the hypophysial portal blood 
and the cerebrospinal fluid, 


Kobayashi(1975) said that there is synaptic contact between the axons 
and the ependymal cells and such contacts have been noted in the median 
eminence among vertebrate species. Presumed monoaminergic axons possibly 
coAtrol the absorption of the ependymal cells in the median eminence. Ihey 
found that in the hagtish and conger eel the ependymal cells of a region corres- 
ponding to the median eminence ol higher vertebrate, absorb peroxidase when 
injected into the third ventricle. 


They injected luteinizing hormone-releasing hormone(LRH) into the third 
ventricle of rats. There was an increase in serum LH. LRH from CSt was 
transterred from the third ventricle to the adenohypophysis. In demonstrating 
the route of transler of peroxidase from the third ventricle to the adenohypo- 
physis, Kobayashi injected *1-LRH into the third ventricle of the rat. Auto 
radiographs demonstrated *"1-LRH in the ependymal perikarya and their 
processes, portal capillaries and adenohypophysis. It is possible that the ependy- 
mal cells ot the median eminence can absorb gonadotrophin-releasing hormone 
irom the CSF of the third ventricle. Active gonadotrophs have been observeu 
in the adenohypophysial implants in the third ventricle of hypophysectomized 
rat(Szentagothai er al., 1968) and in such implants in the tish (Oryzias latipes) 
— 1975- irom Kobayashi, 1975). 


~ Kobayashi(1975) prepared hypothalamic islands in Japanese quail by 
Halasz’s knife, Great increase in the absorption of intraventricularly injected 


peroxidase was observed in such animals with division of axons entering into 
the median eminence, He concluded that the ependymal absorption is under 
ory control by some axons. These axons are possibly of monoaminergic 





~ in ne and the perikarya are located ouside land 
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Cell types in the avian adenohypophysis 


These have been reviewed by Wingstrand(1951, 1963, 1966), Tixier-Vidal 
(1963), Tixier-Vidal and Follett (1973), and Wada(1975) and others. 


The pars distalis can be divided histologically into a cephalic and a caudal 
lobe. The cells are arranged in cords or in acini and they are limited by a 
basement membrane. Majority of glandular cells contact the pericapillary space, 
Chromophobic cells are situated in the centre of cell groups and they have no 
direct relationship with the capillaries. They appear under the light microscope 
as conglommeration of nuclei(called Kernhaujen of German authors), Two types 
of acidophilic cells are distributed in the two lobes of the pars distalis (Rahn 
and Painter,1941). The large Al cells are situated in the caudal lobe and small 
A2 cells with fine granules are found in the cephalic lobe. In the cephalic lobe 
the cells are situated in groups or in longitudinal cords. In the caudal lobe 
plenty of pseudo-acini are seen. There are chromophobic and PAS+colloid 
droplets in the centre of the acini in the adult. Their increased number looks 
like a thyroid gland. Wingstrand(1951) discussed their significance. Tixier- — 
Vidal ert al.(1966) thought that the colloid represents a fibrous material which 
arises from the cytoplasm ol the apical zones of gland cells. Wingstrand( 145k) 
found some chromophobic cells of the pars distalis to contain a few argyrophilic 
granules after Bodian impregnation. 


Tixier-Vidal and Follett(1973) distinguished two general classes of cells: 
cells with granules containing glycoproteins, and cells with granules comaining 
simple proteins. Of the seven celi types in the bird pituitary, five belong to 
the above classes. Two other cell types form a third class having mixed 
affinities. 


(1) Proteinaceous cells (acidophils, serous cells). In this group there are 
alpha cells(caudal acidophils) and cephalic acidophils(erythrosinophilic 
cells), 


(2) Glycoprotein-containing cells. In this group there are beta cells (cephalic 
PAS+cells), delta cells(alcian blue+cells), and gamma cells (glyco- 
protein containing acidophils). 

(3)Mixed cell types consist of E cells and K cells (lead haematoxylin cells). 

_ Wada(1975) studied the cell types in the adenohypophysis of the Japanese 
quail and effects of injection of luteinizing-hormone-releasing hormone. | 
_ Based on tinctorial properties the cell types were differentiated by Tixier- 
Vidal(1963), Gourdji(1965), Matsuo er al.(1968) and Tiier-Vidl er al.(1968), 
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Ultrastructural analysis was made : 


in by 
domestic fowl Mikami,1958 ; 
Payne, 1965. 
domestic mallard Tixier-Vidal, 1965. 
the pigeon Tixier-Vidal and 
Assenmacher, 1966. 
White crowned sparrow Mikami er al.1969, 1973. 
Japanese quail Tixier-Vidal er al.1972. 


Six cell types were identified by Wada(1975) in the adenohypophysis of the 
Japanese quail by examining alternate thick and thin sections by light and 
electron microscopy. The following findings are from Wada(1975). 


Cephalic gonadotrophic(GTH) cells 


These are PAS + basophils and can also be stained with alcian blue with 
PAS-AB-OG stain. They look red violet. With Herlant’s tetrachrome the 
eytoplasm is blue with fine granules. Ultrastructurally the granules of these 
cells have many spherical, unilormly electron-dense granules of 150 to 300 nm 
(and sometimes upto 500 nm) in diameter. RER is scattered throughout the 
cytoplasm and in active cells these are dilated and they look deep violet in thick 
sections. In short-day birds these cells are round and chromophobic having 
some PAS + reaction. Ultrastructurally these round cells have smooth surface 
and the granules are small in number, 


Thyrotrophic(TSH) cells 


These basophilic cells in the cephalic lobe are pale blue in colour after 
PAS-AB-OG and are blue with Herlant's tetrachrome method. Ultra- 
structurally these cells have polymorphic, electron-dense granules of 150 to 250 am 
in diameter. The rough endoplasmic reticulum(RER) is more or less dilated. 
No difference between the nonphotostimulated and photostimulated cells exists. 


Destruction of the basomedial hypothalamus of chicken damaged a possible 
production site for TRH or the pathway of transport (Robinzon ef al.,1977). 


‘Changes in serum triiodothyronine levels in the embryonic and post-hatching 
chicken, with ‘particular reference to feeding-induced changes were noted by 
King ef al.(1977). An increase in Ta levels occurred on the day of hatching (330 
— In 








values observed. closer 
day-old chicks, T, a concentrations © 
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decreased by 10 days of age (225 ng%). This value was more or less similar 
as observed on 33-44 days of age, Rise in scrum Ts occurred with goitrogen 
treatments or changes in iodine intake. Serum Ta levels in PTU treated or methi- 
mazole treated 7-day-old cockerels were 60% of control values. The levels after 
PTU treatment for 25-36 days were only 10% of controls, 


| The findings of Thommes er al.(1977) demonstrate that in the developing 
chick embryo the adenohypophysial-thyroid axis (plasma thyroxine) is functional 
on or about day 11.5 of incubation, 


Klandorf er al,(1978) induced thyroxine and triiodothyronine release by TRH 
in the hen. Klandorf, Sharp and Duncan(1978) concluded that Ts is the meta- 
bolically active thyroid hormone in the chicken and T, secretion is 
stimulated by a mechanism which depends on the dark period. 


Caudal gonadotrophic (GTH) cells 


This single type of basophil cell is alcian blue + and weak PAS +. It 
appears pale blue in colour with PAS-AB-OG. With Herlant’s tetrachrome 
method the fine granules are blue in colour, When stimulated, these cells 
become tall with eccentric nuclei. Granules are of variable electron densily and 
are 200-300nm(sometimes upto 400nm) in diameter. The well developed endog 
plasmic reticulum has many attached ribosomes. In short day birds, there is 
weak stainability of the cells and the cell is small. Granules are less electron- 
dense compared to those of photostimulated birds. 


Somatotrophic(STH)Cells 


These cells are situated in the caudal lobe. This is rather chromophobic 
with PAS-AB-OG and Herlant's tetrachrome method. They are round and 
large. Electron-dense granules are of 100-150nm in diameter, The granules 4 
are peripherally situated. The RER is vesicular. There are large electron- 
dense bodies which may be lysosomes. In nonphotostimulated birds the granules 
are large and more in number, 


Hansen and Hansen (1977) used light and electron microscope to identify the 
pituitary cells containing growth hormone and prolactin in the pigeon(Columba 
livia). They employed immunoglobulin-enzyme bridge technique, Rabbit anti- 
sera were used against bovine growth hormone(anti b-STH) and ovine prolactin 
anti-oPRL). The cephalic lobule contains A, cells of Wingstrand. These cells 
are the eta cells of Tixier-Vidal and Assenmacher. With Brookes’ trichrome 
stain they were rose coloured, The A, cells of Wingstrand or alpha cells of 
Tixier-Vidal and Assenmacher are situated in the caudal lobule, They are 
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Ae cells of the cephalic lobule are reaction- -positive cells. They are oval, 
columnar or polyhedral containing fine granules. The nucleus is large, oval or 
irregular. Ultrastructurally the secretion granules are polymorphic (38-160nm 
when round; 80 x 500nm when rod-shaped). 


Hoshino and Yamamoto(1977) studied the synthesis and release of growth 
hormone, prolactin and other proteins from the anterior pituitary of normal and 
dwarf chickens. Higher PRL synthesis and release has been noted in dwarf 
chickens. Caudal cells inhibit cephalic secretion. Slow-moving protein (SP) may 
be responsible for this inhibition and it plays a role in the development of 
dwarfism. SP may be a big GH or a type of carrier protein for some pituitary 
hormones. 


Camper and Burke(1977) concluded that LH or FSH has a steroidogenic 
action on the turkey ovary eliciting rapid increases in serum progesterone and 
estradiol, 


Seasonal variations in the circulating concentrations of growth hormone in 
male Peking duck (Anas platyrhynchos) and teal (Anas crecca) and correlations 
with thyroidal function were observed by Scanes ef al.(1980). 


‘ 3  Prolactin(PRL) cells 


These acidophilic cells are located in the cephalic lobe. With Herlant's 
tetrachrome method they are faintly pink, The granules are large (300 to 500nm). 
There is well developed endoplasmic reticulum. 


Nicoll(1974) classified the actions of prolactin related to reproduction in birds. 
They are: production of crop milk, formation of brood patch, antigonadal, 
premigratory restlessness, parental behaviour, synergism with steroids on female 
reproductive tract, and suppression of sexual phase of reproductive cycle. 
Growth promotion actions on specific target cells or tissues are: proliferation 
of pigeon crop-sac mucosa, epidermal hyperplasia in brood patch, feather growth, 
and development of female reproductive tract. Prolactin (with corticosteroids) 
stimulates nasal(orbital) salt gland secretion. During formation of brood patch 
prolactin has synergism with ovarian or testicular steroids. In parental behaviour 
prolactin has possible progesterone synergism. It has synergism with estrogens 
and progestins on female reproductive tract. With sex steroids (?) prolactin is 
antigonadotrophic. 

Prolactin and LH levels were studied by Burke and Dennison(1980) in 
female turkeys (Meleagris gallopavo) during a photoinduced reproductive cycle 
and broodiness. 

An intense crop-sac response in the pigeons, was observed by Nistico 
et — after ` 3 or 5-day systemic treatment with reserpine, haloperidol, and 

+) sulpiride, _ A much lower dose of haloperidol, clozapine, and the isomers of 
sulk ide given i irly(IIT) for three consecutive days produced a 
arkec or response and stimulation i sani pana 
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Corticotrophic( ACTH) cells 


These cells’are situated in the cephalic lobe. They are chromophobic to 
PAS-AB-OG and Herlant's tetrachrome. The few electron-dense .granules are 
100-150nm in diameter, Large vesicles are formed by endoplasmic reticulum. 
In nonphotostimulated birds the sranules are more in number than those in the 
photostimulated birds. 


— 0 — 


Gonadotrophic cells in both lobes were strongly activated after exposure to 
long daily photoperiods. The cells became larger, loaded with granules. ACTH 
cells became vacuolated with sparse granules. After synthetic LRH injection 
(10 mcg/0.2ml per day) for 10 days to the nonphotostimülated quail, stimulation 
of certain numbers of gonadotrophic cells in both the lobes, was noted though the 
response of the cells was less than that induced by photostimulation. No change 
was observed in other cell types. 


Wada(1975) further discussed that the cephalic gonadotrophic cells corres- 
pond to the beta cells of Tixier-Vidal er Al.(1968, 1972) and of the Pekin duck 
(Tixier-Vidal and Assenmacher, 1966). They also correspond to the Type A’ 
gonadotrophic cells of Mikami er al.(1969) and GTH cell of Mikami er al.(1973) 
in the white-crowned sparrow. These cells respond to LRH. injection, There- 
fore, they are thought to be gonadotrophic cells. They produce FSH because in 
this cephalic lobe Brasch and Betz(1971) found maximum FSH activity in the 
chick. 


TSH cells are similar to the delta cell of Tixier-Vidal er al.(1968). Brasch 
and Betz(1971) found TSH activity only in the cephalic lobe of chicken. So 
these cells may be TSH cells. ) ; 


Caudal gonadotrophic cells were thought to be TSH cells by Tixier-Vidal er al. 
(1968). But ultrastructurally these are LH cells as they fespond to LRH 
injection and LH activity in the chick has been demonstrated to be mostly 
present in the caudal lobe(Brasch and Betz,1971). —E 

STH cells are same as alpha cells of Tixier-Vidal er al. (1968). These 
alpha cells are same as somatotrophic cells of Mikami ef al.(1969, 1973) except 
the difference in the size of the granules. = tt 
„DE prolactin cll ofthe cps ne ae entrsnpie and sme as 
eta cells of Tixier-Vidal et al.(1968). | — Cee 
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Kalliecharan and Hall(1977) found that several pathways of biosynthesis of 
corticosteroids are in action in the adrenal gland of the embryonic chick. ACTH 
added to the incubation medium stimulated steroid secretion into the medium 
but it did not affect the levels within the glands. 


Anterior infundibular nuclear complex controls FSH secretion and the 
posterior complex controls LH secretion. 


Though there is no intermediate lobe in the avian pituitary, there are MSH- 
secreting cells(K cells), These cells are situated mainly in the cephalic lobe 
and are intensely lead haematoxylin positive. With Herlant’s tetrachrome these 
cells are dark blue and so they may be considered*as basophils. The phospho- 
lipid and trytophan content is high in these cells in the Japanese quail. Their 
glycoprotein content is low. These cells contain round, dense granules(400- 
500nm). The endoplasmic reticulum is well developed and there are flattened 
sacs lined by ribosomes(Tixier-Vidal and Follett,1973). 


Chromatographic and electrophoretic characterization of- melanocyte-stimu- 
lating substances in the duck pituitary was made by Estivariz er al.(1980). They 
congluded that the bulk of melanotrophic activity of the duck pituitary corres- 
ponds to a peptide which behaves as a-MSH in the analytical systems used, 
In human beings and in the fin whale pars intermedia is not present and «-MSH- 
is absent also, but good amount of «-MSH is present in the duck pituitary 
lacking a pars intermedia. 


Iturriza ef al,(1980) obtained findings to suggest coexistence of «-melanocyte- 
stimulating hormone and adrenocorticotrophin in all cells containing either of 
the two hormones in the duck pituitary. They also speculated that in birds 
intermedia-like cells replace the pure corticotrophs which should be present in 
the pars distalis, It is also possible that ACTH is a prohormone for a-MSH. 


Wada and Asai(1976) studied immunohistochemical localization of LH- 
producing cells in the adenohypophysis of the Japanese quail (Coturnix coturnix 
japonica). The LH cells were identified immunohistochemically using anti- 
chicken LH serum and horseradish peroxidase-labeled goat anti-rabbit gamma 
globulin serum. The LH cells are situated in the caudal lobe of the pars distalis. 
They are elongated and are situated towards the sinusoids, when they are active. 
The changes in the size of LH cells are directly related to changes in circulating 
LH levels after castration or photostimulation. These immunocytochemically 
identified LH cells were only stained by alcian blue with PAS, alcian blue and 
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may be TSH cells as the anti-chicken LH serum cross reacted with LH and TSH 
but only slightly with FSH. The possibility that these are TSH cells is’ also from 
the light and electron microscopic observations. Ä 


By use of anti-HCG anti-serum (Ravona er al1973) or a chicken anti-LH- 
anti-serum (Sharp,1974) it has been confirmed that the distribution of the gona- 
dotrophic cells is throughout the pars distalis. 


Tsai and Chadwick(1977) described the cytology of the pituitary gland of 
the fowl Gallus domesticus, Pituitary cells containing growth hormone and pro- 
lactin were identified by Hansen(1977) with the help of light and electron micros- 
cope Using the immunoglobulin enzyme bridge technique, 


Harvey er al.(1978) studied the effect of thyrotrophin-releasine hormone 
(TRH) and somatostatin (GHRIH) on erowth hormone and prolactin secretion 
in vitro and in vivo in the domestic fowl Gallus domesticus. The same authors 
in 1979 observed the influence of sex and breed on growth hormone and prolactin 
secretion in the domestic fowl. Regarding the action of prolactin on the uropy- 
gial gland of chicks Chakraborty er al.(1979) thought that although prolactin can 
promote mitosis in the uropyeial gland of chicks, it does not appear to stimulate 
the glandular function. 


Burke er al.(1979) prepared and studied the properties of LH subunits from 
the turkey (Meleagris gallopavo) and their recombination with subunits of ovine 
LH. Turkey LH is made up of two dissimilar subunits. “Each of the subunits has 
substantial chemical homology with those from ovine LH. The species specificity of 
these two tetrapod luteinizing hormones appears to be associated with the ß-sub- 
unit”. The same authors in 1979 isolated and characterized LH and FSH from 
pituitary glands of the turkey, In radioreceptor assays turkey and chicken FSH are 
similar. Turkey LH was consistently more potent than either avian FSH in 
competing for FSH-binding sites. Comparatively chicken LH had relatively low 
activity, The authors suggested, “the evolution of the structure of active 
sites in turkey LH has involved convergence on those of the FSH molecule”. _ 


From a comparative study of the annual 
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Electron microscopic observations of gonadotrophs and prolactin cells under 
different experimental condiiions in the male duck have been made by them. 


In birds an absolute stimulatory control is exerted by the hypothalamus 
over the FSH and LH cells, There is a stimulatory control of the prolactin 
cells by the hypothalamus. They however, could not detect any proof of hypo- 
thalamic inhibition of prolactin cell activity. Certain degree of autonomy of the 
prolactin cells could be detected and activity remained even after disruption of 
neuro-vascular connections with the hypothalamus. 


Wada(1979) obtained results to suggest “that LH release in induced when 
light impinges on the circadian photosensitive phase which is set by external 
lighting schedules”. Balthazart er al.(1979) suggested, “the metabolic changes 
at the pituitary level may play some role in the induction of the increased 
responsiveness to LHRH which can be observed in quails after exposure to 
7 long days’, 


Production and secrelion of sex steroid hormones by the testes, the ovary, 
and the adrenal glands of embryonic and young chicken (Gallus domesticus) was 
studied by lanabe ef al.(1979). Viasma LH voncentrauons were bigh in male 
and iemale embryos. They dropped to a low level at hatching and again 
increased subsequently. Adrenal glands play an important role tor production 
and secretion ot testosterone compared to the testes or ovary in the embryonic 
chicks. Embryonic testes are less active than the embryonic ovary for testo- 
sterone and estradiol production. The testis and ovary produce and secrete 
more sex steroids than the adrenal gland after hatching. 


As in mammals androgens play an important role in avian (Japanese quail) 
spermatogenesis(Brown and Fouilett,1977). Probably FSH is also required tor 
lull spermatogenesis and testicular growth. Testosterone exerts a difierential 
ettect on the quail testis(Desjardins and Turek,1977). “It depends, in part, 
upon the amount of androgen administered”. 


Bicknell and Follett(1977) noted luteinizing hormone releasing activity in 
the quail hypothalamus during photostimulated sexual development, Increase in 
LH secretion after transfer to photostimulatory day lengths was not associated 
with any major changes in LHKH of basal hypothalamic tissue. Castration did 
not change LHRH activity during one 5-week experiment. Cuastrated birds 
maintained on long days tor one year showed the highest level of releasing 
activity found in any quail, 


In sera from immature cockerels diumal anton in LH and prolactin were 
demonstrated by Scanes ef al.(1980). These patterns of hormone secretion were 
sig — untly “altered by Pinealectomy. Diurnal variations in growth hormone 

sncentration was not seen in REE pinealectomized birds. 
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Jenkins et al.(1978) studied the effects of vertebrate conadotrophins on 
androgen release in vitro from testicular cells of Japanese quail and a comparison 
with their radioimmunoassay activities was made. They concluded that LH 
Primarily acts on the testicular cells of quail. FSH is nonsignificant in acute 
release of androgen from the cellular component of the testis. The results also 
confirm the general specificity of the avian LH and FSH radioimmunoassays., 


From in vivo results Maung and Follett(1978) came to the conclusion that 
in the quail, pituitary LH controls peripheral androgens and FSH has no signi- 
ficant role in the acute release of testosterone from the mature testis. 


FSH and testosterone induce FSH receptors in the testis of immature 
Japanese quail and thereby increases the sensitivity of the testis to FSH. This 
is a type of self-potentiating action of FSH. This mechanism along with 
synergism between FSH and testosterone most likely helps the extremely rapid 
increase in testicular weight in photoperiodically stimulated birds(Tsutsui and 
Ishii,1978). 


An inverse relationship between gonadal activity and T, activity exists(Oishi 
and Konishi,1978), 


Difference of Japanese quail LHRF from mammalian LHRF was revealed 
by biological and immunochemical studies(Hattori er al.,1980). The observations 
indicated a species-Specilicity among these LHRFs. Presence of immunoreactive 
substance(s) in the quail hypothalamus was detected by immunohistochemical 
method using antisynthetic LHRH serum and peroxidase-labeled anti-rabbit 

y-globulin serum. 


Diurnal variation in plasma LH levels in the domestic fowl(Gallus domesticus) 
was observed by Scanes er al.(1978). Increase in LH concentration occurred 
shortly after the starting of the dark period in both sexes. 


Harvey er al.(1978) studied the effect of thyrotrophin-releasing hormone 
(TRH) and somatostatin(GHRIH) on growth hormone(GH) and prolactin(Prl) 
secretion in vitro and in vivo in the domestic fowl(Gallus domesticus). Intra- 
venous administration Of TRH in both the conscious and anaesthetized immature 
chicken significantly increased plasma GH. Somatostatin when simultaneously 
administered to conscious birds led to significant reduction in the magnitude of 
GH response to TRH treatment but no effect was observed on the basal levels 
of plasma GH. High level of plasma GH could not be maintained by repeated 
TRH injection. In none of these experiments Prl secretion was stimulated. In 
anaesthetized birds plasma Prl level was found to be depressed by TRH treat- 
ment. The effects of TRH and somatostatin on GH secretion by an in vitro 
Shae ts enee meere ee — 
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Increase in plasma and pituitary levels of LH and FSH was found by Davies 
and Follett(1980) when quail was transferred to long days. For mediation of 
this photoperiodic response, preoptic region(POR) and posterodorsal part of 
the infundibular nuclear complex(PD-INC) are essential. In nonphotostimulated 
immature birds low levels of LHRH release can be regulated autonomously by 
INC, The authors combined the techniques of electrical stimulation and electro- 
lytic lesioning and demonstrated that POR stimulation leads to an increase in 
LHRH secretion in quail where the photoinduced release was blocked by PD- 
INC lesion, Similarly stimulation of preoptic region in immature birds stimulates 
secretion of LHRH. ‘These results suggest a direct link, perhaps neurosecretory, 
between the preoptic region and the median eminence”, 


Doi er al.(1980) suggested that the onset of light may be a signal for the 
increase of plasma LH and progesterone and follicular progesterone which are 
responsible for the induction of ovulation in the quail (Corurnix coturnix japonica). 


Testosterone treatment blocks the termination of the gonadal photorefractory 
condition in white-throated sparrows maintained on short days(Turek er al.,1980). 


lonic and endocrine factors influence the secretion of LH by chicken 
apterior pituitary cells in vitro(Luck and Scanes, 1980), 


The observations and data of Wingfield er al.(1980) suggest that the increase 
in plasma levels of LH and 17(6-hydroxy-Sa-androstan-3-one in both sexes ol 
white-crowned sparrow, Zonwirichia leucophrys may play a role in the develop- 
ment of song and social behaviour that permits the integration of the young 


Tanabe er al.(1980) suggested that the onset of darkness is closely linked 
to the induction of plasma LH and progesterone increases and lights off may be 
the signal for the induction of ovulation in the female duck (Anas platyrhynchos 
domestica). 


El Halawani er al.(1980) observed that norepinephrnie-containing neurons 
facilitate central mechanisms which release LH in response to neural inputs 
involved in the photoperiodic stimulus and that activation of dopamine-contain- 
ing neurons is capable of inhibiting this release and inducing testicular regression 
of Japanese quan, 


_ Photorefractoriness is not likely to be caused by some form of exhaustion of 
the hypothalamo-hypophysial unit in willow ptarmigan (Lagopus lagopus lagopus) 
(Stokkan and Sharp,1980). In these birds seasonal breeding results from an 
interaction between a direct effect of day length on LH secretion and day length- 
induced changes in the sensitivity of the hypothulamus to the inhibitory feed- 
back action of adrenal and testicular steroids, 
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Tixier-Vidal and Assenmacher(1965) studied on some aspects of the pitui- 
tary-thyroid relationship in birds (adult male Pekin ducks). Thyrotrophic cells 
in electron-microscopic study showed abundant ergastoplasmic cisternae and 
very diffuse secretory granules. The thyrotrophs in ectopic grafts in the hypo- 
physectomised duck became chromophobic and difficult to identify even by 
clectronmicroscopy. 


Castration greatly stimulates the thyrotrophs. They become hypertrophied, 
vacuolated and more degranulated than noted after throidectomy. The thyroidal 
hypertrophy is of thyrotrophic origin. Depressive effect of the male hormones 
is on the thyrotrophs which become jreed in their absence. 


Intact vascular hypothalamo-pituitary connections is needed for the stimula- 
tory effect of castration on the thyrotrophs. The effect fuils to occur if castra- 
tion is preceded by section of the pituitary-portal vessels. It is also true for 
the depressive action of sexual activity on thyroid function. So inhibitory 
action of sex hormones acts at the hypothalamic level. 


The stimulatory effect of light on the thyrotrophs is very striking. The 
cells look voluminous and turgescent, Ultrastructurally the entire cytoplasm is 
invaded by swollen Golgi apparatus and by plenty rounded ergastoplasmic 
cisternae, evenly distributed. Granules are less and small and they occur mainw 
at the cell periphery. Synthesis and release of the hormone seems to follow a 


rapid rhythm. 


Light stimulation of the thyrotrophs is abolished by the section of the 
pituitary-portal vessels. So the effect is probably mediated via the hypothalamus. 
They concluded that permanent light and permanent darkness exert anta- 
gonistic effects on thyrotrophic activity. One is stimulatory and the other is 
inhibitory. Light acts through the hypothalamo-hypophysial pathway. The effect 


of darkness is similar to that of disruption of the hypothalamo-hypophysial 3 
pathway. . | ee 
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CHAPTER 15 


COMPARATIVE ASPECTS OF THE EVOLUTION AND 
HOMOLOGY OF THE PITUITARY 


The general morphological plan of the avian pituitary was described by 
Wingstrand(1951) as follows : 


l. The caudal lobe is formed by the aboral lobe of Rathke’s pouch, and 
it includes also the walls, which in the early stages look like an intermedia. 


2. The cephalic lobe is formed by the oral lobe of Rathke’s pouch and its 
unpaired processes. 


3. The lobuli lateralis form the pars tuberalis. The basis of the lobi is 
situated in the furrow between the caudal and cephalic lobes and fuses with the 
pars distalis in this location. These basal parts of the lateral lobes can some- 
times be recognized in the adult as a pars tuberalis interna. The lobi lateralis 
fuse more or less completely in the adult just dorsal to the pars distalis and 
form the portal zone. Their distal parts cover the surface of the median emi- 
nence and adjacent parts of the diencephalon, and a second fusion usually takes ` 
place behind the indundibular stem. 


A comparison was made between the structural plan of the adenohypophysis 
in birds and reptiles by Wingstrand(1951)(fig. 15.1). It shows that the caudal 
lobe of the adult avian pituitary corresponds to the intermedia and the ee 
part of the pars distalis in reptiles because the material in both cases is suj | 
by the aboral lobe. The cephalic lobe in the avian pituitary co tesponds 






reptiles. The lobi lateralis give rise to a pars tuberalis in birds, crocodiles, 
chelonians and Rhynchocephalia, but do not form a tuberalis in the snakes, in 
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The metaadenohypophysis, like the pars intermedia of tetrapods is formed 
by the aboral lobe of Rathke’s pouch in cyclostomes, elasmobranchs and among 
actinopterygians at least in the herring. It is situated in close contact with the 
neural lobe containing majority of neurosecretory fibres(distale neuroadenohypo- 
physare Kontaktflache of Spatz, Diepen and Gaupp, 1948). Nerve fibres from 
neural lobe invade the pars intermedia (metaadenohypophysis of fishes) in 
tetrapods, lungfishes, actinopterygians and elusmobranchs. The mesoadenohypo- 
physis has been homologized with the pars distalis and the proadenohypophysis 
either with the pars tuberalis or has been considered to be a part peculiar to 
fish or the problem is as yet unsettled. Mesoadenohypophysis has been con- 
sidered as the homologue of the pars tuberalis by de Beer(1926) and Diepen 
(1954, 1955, 1962). This part is in contact with the anterior, nonneurosecretory 
fibres of the neurohypophysis which is called an eminentia(Infundibulum). 
Consideration of pro or mesoadenohypophysis as pars tuberalis is unsatisfactory 
for two reasons (Wingstrand,1966) : (1) In tetrapods the lateral lobes in embryos 
develop into the pars tuberalis. In fish and cyclostomes the pro and mesoadeno- 
hypophysis are unpaired, and (2) it is not always true that the anterior part of 
the adenohypophysis or the part having functional contact with the median 
eminence should always be the pars tuberalis (Enemar,1960). In the tetrapod 
embryo the unpaired anterior process of the oral lobe or the oral lobe itself fits 
with these requirements better. Enemar showed that contact between the 
anterior process of the ora! lobe and the brain occurred in reptiles and birds. 
Portal vascular connection is formed at the area of contact. The lateral lobes 
appear in this area after the vascular connection has already been established, 
or they do not develop at all. The anterior process is vestigial, or absent in 
mammals. At the anterior end of the gland and at the base of the pars tuberalis, 
the oral lobe is represented as a small rudiment. This originates in the antenor 
end of the gland in mammals, but not in other amniotes. 


Herlant(1954) tentatively compared the pro and mesoadenohypophysis of 
fish-like vertebrates with the cephalic and caudal lobes of the pars distalis of 
reptiles and birds. Pars intermedia or metaadenohypophysis forms the posterior 


wontact zone with the neurohypophysis. In all vertebrates this corresponds to 


the top of Rathke’s pouch. The anterior end of the pituitary comes in contact 
with the brain wall further anteriorly and receives the portal vessels. It is the 
basal part of Rathke’s pouch, the oral lobe. An anterior process develops from 
the oral lobe. It forms the anterior end of the gland. In mammals the anterior 
end of the gland contains the remnants of the oral lobe. The pars tuberalis is 
situated more anteriorly because the oral lobe is rudimentary. In reptiles and 


bire ; the anterior process of the oral lobe forms the anterior end of the gland. 


oe mr be compa In snakes the pars tuberalis 


phibia the pars. tuberalis develops * the lateral lobes on each 
:ither of U-type — of investigators from Japan, U-type is 
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found in urodela and O-type has been detected in anura, Wingstrand(1966) r 
thought that the unpaired part between the lateral lobes develops as an unpaired 

process and most probably it represents the anterior process since it receives 

the portal vessels and is attached to the eminentia. In anura the pars tuberalis 

(O-type) on each side is largely independent of the portal circulation. In 
lungfishes no pars tuberalis develops and the remaining parts develop in the 

same way as in amphibians(figs. 15.3 & 15.4). 


The anterior end of the adult gland of the elasmobranchs (figs, 15.5a & b) 
is formed by an anterior process (the Vorraum of Woerdeman) from Rathke's 
pouch. Portal vessels proceed from the eminentia to the anterior end of the 
gland. The ventral lobe is formed by a pair of lateral processes which seem to 
be the lateral lobes of amniotes and thus may be a true homologue of the pars 
tuberalis, 4 


The pituitary of actinopterygians (figs. 15.6A, B, C) is oriented similar to 
that of sharks. The hollow epithelial stalk in Elops, Chanos and young Clupea 
joins the anterior end of the gland. In Polypterus the duct joins the proadeno- 
hypophysis. It indicates-that this part is the proximal (oral) lobe of Rathke’s 
pouch. The proadenohypophysis in Polypterus receives blood from the medign 
eminence through the vascularized ligament situated in front of the gland. In 
Acipenser similar condition exists (Wingstrand,1966). 


In Petromyzon(fig. 15.7) the epithelial stalk is continuous with the pro- 
adenohypophysis till the time of metamorphosis. It indicates that the pro- 
adenohypophysis is the oral part of the pouch. The remaining part of the gland 
is homologous with that of other vertebrates. 





As the anterior end of the pituitary was shown by Wingstrand(1966) to be 
morphologically comparable in different vertebrates, he supported the inter- 
pretation of Herlant(1954) that the cephalic lobe of reptiles and birds is com- 
parable to the proadenohypophysis. The identification of mesoadenohypophysis 
as the caudal lobe is difficult on embryological basis, Histologically the pro-» 
adenohypophysis in teleosts, sharks and cyclostomes differs markedly from the 
cephalic lobe of reptiles and birds, 


Zona tuberalis(fig- 15.8) ; 


This histological zone is present in mammals and it is a modified area near 
the entrance of the portal vessels (Wingstrand, 1956). It includes large arts 
of the gland which are derived from the embryonic | —— ir * d, 
1951). Similar zones in reptiles only include a small part of ti lo 
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There is total or partial absence of actdophils from Dawson's zona tuberalis 
and it consists mainly of chromophobes and basophils. 


The zona tuberalis of the car is mainly made up of the aboral lobe, The 
remnants of the oral lobe and the very basal parts of the lateral lobes may also 
be included. In the rabbi the zona tuberalis consists of the modified area of 
the aboral lobe and of the oral lobe. The part played by the lateral lobes in 
the formation of the zona tuberalis depends on the choice of limits for the zona 
in this species(Wingstrand, 1951). The zona in the bird corresponds to the less 
stainable caudal lobe. Branches of the portal veins are primarily distributed 
within the zona tuberalis. Glandular cells in this part of the pituitary are 
influenced by the portal blood(Dawson,1948). The distribution of portal vessels 
can hardly be used as a criterion for homology between the parts known as zona 
tuberalis in different mammals(Wingstrand,1951). In adult birds the portal 
vessels pass into the cephalic and caudal lobes as soon as they reach the surface 
of the gland. Blood from the rostral median eminence passes into the cephalic 
lobe, The caudal lobe is supplied by blood from the caudal median eminence, 
The lateral lobes continue into the depth of the gland as a pars tuberalts interna 
on each side. The distribution of portal vessels in birds is not along the basal 
garts of the lateral lobes. Therefore it cannot be used as a criterion for the 
homology of the main part of the zona tuberalis (Wingstrand,1951). “The 
cephalic lobe in birds does not correspond to the main part of the zona tuberalis 
of mammals—viz. the part derived from the aboral lobe—but only to the pari 
which represents the vestigial oral lobe. 1f the basal parts of the lateral lobes 
contribute to the zona tuberalis, as they probably do in the cat they are of 
course directly comparable to the pars zuberalis interna in birds” (Wingstrand, 
1951). 

The delicate cell-strings along the rostro-ventral surface of the pars distalis 
of the cat are remnants of the ventral portions of the lateral lobes which have 
coalesced with the pars distalis. This is called pars ruberalis interna as opposed 
to the pars tuberalis externa which is the proper pars tuberalis(Hanstrom,1966). 
The basophilic-chromophobic zona tuberalis of Dawson is commonly found in 
the Eutheria but Hanstrom saw it in only one specimen of the Tachyglossus. 
“The term pars fuberalis interna ought to be used for those portions of the pars 
distalis in adult mammals which prove to be remnants of the lateral lobes of 
the embryonic Rathke’s pouch, while the term zona tuberalis should be used 
for a chiefly chromophobic part of the median rostro-ventral area of the pars 
distalis without any reference to its ontogenetical or comparative-anatomical 
ignificance. It is possible that future embryological investigations will show 

t in several instances the region which is at present called a zona tuberalis 
actually a pars tuberalis interna” (Hanstrom, 1966). 
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area is rich in connective tissue and blood vessels. It is not present in great 
majority of other mammals (Hanstrom, 1966). 


Acidophil zones are rich in acidophils. Zones poor in acidophils are called 
basophil zones. The cell population in the basophil zones may not be large 
proportion of basophil cells but in some species it may be chromophobes. As 
the zonal distributions are permanent, the cell types are stable and as they are 
once differentiated, re-differentiation into other types does not occur. Functional 
cell types can be identified by the assay of the hormone contents of different 
hypophysial zones in large mammals(Purves, 1966). 


The posterior part of the post-optic hy pothalamic floor is evaginated to 
form an unpaired process, the saccus infundibuli. In majority ol the vertebrates 
this saccus becomes forked at the end, forming a pair of primary branches, The 
saccus infundibuli is related to the top of the notochord, the vena retro-hypo- 
physia and the top of Rathke’s pouch(Wingstrand,1959). In Petromyzon a 
saccus infundibuli with a pair of primary branches is also present. The saccus 
infundibuli forms the neural lobe of the pituitary in amniotes. In elasmobranchs 
and primitive actinopterygians the neural lobe develops in the ventral wall of 
the saccus infundibuli and in the space between the primary branches. The 
saccus vasculosus develops from the dorsal parts. In amphibians and lungfish 
(except the Gymnophiona) similar conditions are found. The ventral wall of the 
saccus infundibuli and the wall between the primary branches develop into the 
neural lobe. The dorsal walls remain uudifferentiated. The saccus intundibuli 
of teleosts mainly forms the saccus vasculosus. Morphologically the neural lobe 
of amniotes may be homologized with the saccus vasculosus of tish. Functionally 
the neural lobe of amniotes may be compared with the neurosecretory part of 
the neurohypophysis of fish. Ihe anterior part of the neurohypophysis 1s con- 
nected with the pro and mesoadenohypophysis in the majority of aquatic verte- 
brates and the posterior part is in contact with the metaadeaohypophysis. The 
posterior part is called the neural lobe also in the fish and the anterior part may 
be called the eminentia mediana as it contains less neurosecretory material. 
Eminentia is present in Myxine, elasmobranchs, Polypterus, teleosts, In — 
a oe er a | is is 
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In most elasmobranchiomorphs and actinopterygians a typical saccus vas- 
culosus with crown cells is present. It is absent in cyclostomes and tetrapod- 
lungfish. Wingstrand(1966) thought that the saccus vasculosus may have evolved 
in some common ancestor of actinopteryeians and elasmobranchs. 


In cyclostomes the adenohypophysis has an extra-stomödeal origin in asso- 
ciation with the olfactory organ (fies. 157 & 15.9). The fossil cephalaspido- 
morphs have a dorsal opening from the olfactory organ like Petromyzon 
(Stensio,1958). In Myxine the nasohypophysial opening is at the anterior end 
of the head but outside the mouth. A similar preoral opening was present in the 
fossil Pteraspidomorphs (Stensio,1958, pp. 359, 360). In gnathostomes the 
adenohypophysis has a separate origin in the roof of the stomodeum. 


All forms do not possess a hypophysial cavity. When present, it is in con- 
tact with the glands and separates the pars anterior from the pars intermedia. In 
Petromyzon there is a hypophysial cavity but it is separated from the glands by 
connective tissue and it does not separate the pars anterior from the pars inter- 
media, In Petromyzon (and other cyclostomes) and in Polypterus the hypophy- 
sial cavity opens to the exterior in the adult. This may be regarded as a persis- 
tence of Rathke’s pouch (de Beer,1926). In cyclostomes the hypophysial 
cavity is very large. In Petromyzon the differentiated glands form the roof of 
the hypophysial cavity when it appears. In this form the hypophysis arises from 
in front and proceeds backwards. The hypophysial cavity is horizontal. The 
floor of the infundibulum is horizontal also. In higher vertebrates the hypophysis 
grows up from below and is at right angles to the long axis of the head (de 
Beer, 1926), 


de Beer(1926) questioned as to whether an invagination (Rathke’s pocket) 

or a solid ingrowth is the more primitive merhed of formation of the hypophysis. 
It is difficult to make a dicision. Embryonic conditions must influence the mode 
‘of development. Primitively the hypophysis must have been an invagination. 
The adenohypophysis has evolved from exocrine glandular tissue in the stomo- 
deal ectoderm. Subsequently it became an endocrine organ controlled by the 
brain (the diencephalic floor). The similarity in the histochemical reactions of 
the pituitary cells and the mucus-secreting cells of the ectodermal epithelium 
speaks in favour of the idea mentioned above. Older investigators thought of 
proliferation leading to a hollow, invaginated gland with an open duct as noted in 
olypterus or Cyclostomes, Recent investigators(Gorbman and Bern,1962) think 
that the primary phase of proliferation leads to multiple separate acini as found 
the pituitary gland of Myxine. The open naso-hypophysial duct in Cyclo- 
ot be the lumen of Ruthke's pouch but it is an extension of the 
al pit which ventilates the olfactory organ (Wingstrand, 1966). 
‘the gnathostome ancestor was hollow is evidenced by the 
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hollow Rathke’s pouch in Amniotes and elasmobranchs and the presence of 
lumina in different developmental stages in Polypterus, sturgeons, ganoids, 
Salmo, Clupea, Elops, lungfish, and Gymnophiona (Wingstrund, 1966). 
Comparison with pituitary homologue in invertebrate will help in the under- 
standing of its evolution. The preoral pit (Hatschek's pit) in the roof of the 
oral cavity in Amphioxus has been thought to be a homologue of the adeno- 
hypophysis. This was considered by Goodrich(1917) and de Beer(1926). 
They pointed out that the right preoral mesodermic cavity in the larval Amphioxus 
opens out through this preoral pit. In a similar way premandibular coelomic 
cavities open out through Rathke’s pouch in a few vertebrates. In torpedo and 
in the duck a very comparable state of affairs is seen. The premandibular 
somites open into the hypophysis in Torpedo and connect with it in the duck. 
de Beer(1926) said, “The conclusion is irresistible that the hypophysis represents 
the preoral pit of Amphioxus; the connections which have been called proboscis 
pores in Torpedo and the duck correspond with the similar connection in 
Amphioxus which is represented in the adult by Hatschek's pit. That the 
connections do not occur more often in the higher forms must be due to the fact 
that the premandibular somites are differentiated into eye muscles at a very early 
stage.” The proboscis pare in the Torpedo and in the duck is formed by a 
tucking in of the ectoderm to meet the mesoblastic tube from the premandibular 
somite. This is represented by the lateral lobes of the hypophysis. In Amphioxus 
the pars tuberalis must be represented by the ectodermal cells of the 
preoral pit which invade Hatschek’s pit and give rise to the so-called 
rod-bearing cells. This was de Beer's view in 1926. Friedman(1934) 
was not able to confirm de Beer's theories. In fowl the premandibular cavities 
disappear early and no proboscis pores are formed ` (de Beer,1926). In the 
pigeon Rost(1939) did not observe any such pores. Wingstrand(1966) found 
that the connections between the premandibular cavities and Rathke’s pouch are 
never established or consist of compact or even discontinuous strings in the 
majority of cases. An open duct in embryos of Torpedo ocellata still speaks in 
favour of Goodrich’s theory. | 


_ Barrington(1959) emphasized the potential importance of Hatschek’s pit in 
Amphioxus because there are excellent morphological and embryological grounds 
for homologising it with the adenohypophysis. Its function is said to be the 
secretion of mucus which helps in trapping the food. It has got a most elaborate 
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a was thought to be a homologue of the neurohypophysis because it contains 
CAH + substance. 


The cerebral ganglion of ascidians is situated between the two siphons or 
incurrent and excurrent openings, dorsal to the pharynx. It is covered by 
mesenchymal tissue and lies beneath the surface. 


Subneural gland of ascidians (fie, 15.10) 


It is a nonnervous epithelial elaboration of the excretory canal which opens 
into the pharynx. The cavity of the canal branches in the gland in a complicated 
way. It is intimately related to the cerebral ganglion but separated from it and 
is usually ventral to the cerebral ganglion but in some ascidian groups it shifts 
to the dorsal side of the ganglion. The gland is at least partly derived from the 
neural tube. In salps it is almost wholly formed in this way, but in some 
ascidians it is partly derived from the roof of the pharynx (Bullock and 
Horridge, 1965). 


The asymmerric gland which is in association with the neural gland looks 

like an endocrine organ, It shows periodic fluctuations in activity which may 

be related to the awakening of sexual activity (Peres,1943) (from Bern and 
Hagadorn, 1965). 


The ducts of the subneural gland open just behind the papillary zone at the 
dorsal tubercle. The secretory products are rot a liquid substance but actual 
cells, and the gland is not one of internal secretion(de Beer,1926). Though 
the subneural gland apparently seems to be homologous with the pituitary, this 
can hardly be the case and it may be regarded as peculiar to the Urochordata. 
P Extracts from it do not produce any of the effects obtained from the pituitaries 
of all Craniates so far tested (de Beer,1926). 


Some authors regard the gland as a homologue cf the hypothalamus or the 
neurohypophysis, Others regard it as a homologue of the adenohypo- 
physis because of its partial development from the oral roof. The ciliated 
funnel formed by the oral ectoderm grows inwards and meets the duct(s) from 
the gland. This is thought to be a true homologue of the adenohypophysis. 


“A homology of the complex as a whole with the pituitary is, at any rate, 
not excluded, if it is considered how near the adenohypophysial ectoderm is to the 
future hypothalamic floor(the ventral neuroporic lip) in carly vertebrate embryos 
(Wingstrand,1966)", Melanophore-dispersing activity, vasopressor and oxytocic 
activities as determined in the subneural gland-cerebral ganglion complex by 

> earlier investigators have been criticized recently (Dodd,1959). A gonado- 
trophic function of the complex obtained by earlier investigators could not be 
corroborated by Dodd(1959). However, spawning is regulated by the neural 
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gland of Ciona intestinalis and it is the seat of a circadian rhythm, at the morpho- 
logical and physiological level (Georges,1978). Spawning inhibitory substance 
(SIS) has been fownd to exist. It is produced by the glandular cells during the 
epithelial phase and released during the mesenchymal phase (Georges,1978). 


Barrington(1968) said, “It is difficult to avoid the conclusion that the 
subneural gland complex of urochordates, Hatschek’s pit of amphioxus, and the 
Pituitary gland of vertebrates may be to some extent homologues, or may at 
least show some latent homology, and that the origin of the pituitary gland is 
bound up in some way with the ciliary feeding habits of protochordate-like 
ancestors of vertebrates”. 
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Fig. 15.1. —— showing the development of the adenohypophysis in 
reptiles. 


A. Vipera berus, embryo TL 45mm (tail included). The posı- 
tion of the ring marking the lateral lobes is very approximate 


* —— muralis, embryo 4.5mm. After Woerdeman (1914, 
g. 22). 


The postion of the lateral lobes indicated according to the 
descriptions of Woerdeman. 


C. Bitis arlerans, adult Structures not present in the section 
are indicated by broken lines (the probable course of the 
lumen and the epithelial stalk). As the limits of the different 
areas are somew uncertain, Wingstrand has not marked out 
the black belt between oral and aboral lobes. 10 = pars 
intermedia. 


Fig. 15.1. Caption Contd. to next page. 
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Fig. 18.1. Contd. from previous page. 


D. Anguis fragilis, embryo TL 80mm (tail included). The 
course of the pars tuberalis which is not present in the median 
section, has been indicated by broken lines. The limits between 
the rostral and caudal sides of the aral and aboral lobes res- 
pectively could not be ascertained and the figure is, therefore, 
a little simplified. 


For further explanation see fig. 14.1. 


(From Wingstrand,1951. Courtesy of Professor K. G. Wing- 
strand) 





Fig. 15.2. Diagrams showing the early differentiation of the hypophysial 


anlage in some rodents 


A Embryo of rat (Mus norwegicus), 11.5mm. After Woerde 
man (1914, fie. 5). Compare also Schwind (1928, fig. 8). 

B. Embryo of rat, 13.5mm. After Woerdeman (1914, fig. 6). 
Compare also Schwind (1928, fig. 10). 


Compare also Schwind (1928, fie. 10). 


C. Emb of guinca mg (Cavia cobaya), CR 12mm 


For explanations sce fig. 14.1. 


(From Wingstrand, 1951. Courtesy of Professor K. G. Wing- 
strand). 
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Fig 15.3. a-i. Schematic median sagittal section through the hypophysis of 
different vertebrates. Anterior lobe marked with big dots, pars in- 
fundibularis with fine dots and pars intermedia is black. HL = pos 
terior lobe; If=infundibulum. a = Lampetra fluviatilis (after 
Adam 1959). Pro-A=pro-adenohypophysis ; Meso-A = meso.adeno- 
hypophysis;  Meta-A —meta-adenohypophysis ; „Cap = capillaries 
between posterior lobe and meta-aden ypophysis. 

b = Myxine glutinosa (after Adam, Mead A= adeaohypophyais ; 
Cap = capillaries on the surface of the posterior lobe ; Rec. inf. 
Recessus neurchypophysius ; 


Fig. 15.3. Caption Contd. to next page. 
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Fig. 15.3. Contd. from previous page 


Co. po. = post-optic commissure; Rec. pr. = preoptic recess. 
€ = Proopterus (after Wingstrand, 1956). P — Portal vessels 
d = Ambystoma è = Rana esculenta. { — Phyrynocephalus 
olivieri (Lacertilia). ¢ = Anguis fragilis. h = Testudo graeca, 


i = Zonotrichia leucophrys gambelii (after Oksche, 1961) 


lf(r) = rostral part of the infundibulum (Zona externa with Gomori- 
positive nerve fibre-endings) : 


lf(c) = caudal part of the infundibulum: If. st = Infundibular 
valk. P.G, = Portal vessels’ There is no intermedia. (From Diepen, 
1962 Courtesy of Professar Ri Diepen and Springer-Verlag). 


cr 





I5.% 


. Semidi atic midsagittal section through the pituitary complex of the 
— — Schistome pum eae ee the different sub- 
divisions of the hypophysis. 
cr = chiasmatic mdge; me = median eminence: 
ir = infundibular recess; hps = hypophysio-portal system ; 
is = infundibular stem; ip = infundibular process ; ; 
pt = pars tuberalis; pd = pars distalis; pi = pars intermedia. 
(Modified from Professor H. Kuhlenbeck,1973). 
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sv 





ul 
5.54 


Pig 15.5b. Ventral view of the pituitary 
om Squalus (after Baumgari- 
nor 1915) 
al = anterior lobe (pro and 
mesoudenohypoph ysis) , 
i = inf ia, il = ınfenor 
lobe, sv = saccus vasculosus 
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/ 5.6(B) 


Fig 18.68. Schematic diagram of the structure of the hypophysis 


vr Acıpenser siurio. la aänterwur lobe 


ly inmfermediate lobe: | im middie lobe 
Ln neural lobe; fh hypophyaial cleft ; 
av saccus vasculosus (Alter Kerr) 


(Courtesy of Masson a Cie Paris) 





(SX. 6@) 


Fig 156C. The pituitary of Amia = parm nervosa 


O.P.-209—47 


‘Vv = saccus vasculosus | Profesor Kk G 
Wingstrand ) 
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(A) 





(C) 


Fig. 15.7. Median sections of the dorsal head region of a 
larval Petromyzon(A), and adult Perromyzon(B) 
a = nasohypophysial pit, b = alfaotory 
: = Bean: oe chiasma, —— ee 

= proadenohy g = mesoadenohypophy- 
sis, h = metaadenohypophysis, p = pituitary, 
s = nasohypophysial sac 
(C) = Myxine glutinosa (median section of the 
region). BC=buccal cavity, B=brain. 
NTenasal tube, N—nasopalatine canal, |= Intes- 
tine, OS = Olfactory sac, P = 
B-redrawn after Wingstrand, 1956. (Courtesy ol 
Professor K. G. Wingstrand and Butterworths, 
London) (C-redrawn after Fontaine,1958. Cour- 
of Professor M. Fontaine and Masson et Cie 
urs), 
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Fig. 15.8. Histological regions in the mammalian pituitary., 


Light stippled — pars distalis, dark stippled = pars intermedia, 
cross-stnated = zona tuberalis, black — pars tuberalis, obliquely 
striated = neurohypophysis. C = residual cleft 


A. Rabbit (Orvetolagus cuniculus), median section of the pitui- 
tary. After Dawson(1937, fig. 1) 


B. Cat (Felis domestica), median section Coll, Hanstrom, 
Lund. The zona tuberalis is only roughly indicated because it 
was not very distinct in this specimen, and was partly adjusted 
so as to agree with Dawson's descriptions and figures (Dawson, 
1937; figs. 10-17). (From Wingstrand,1951. Courtesy of 
Professor K. G. Wingstrand,19$1). 
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Fig. 15.10, 


Longitudinal section through the cerebral ganglion 
and subneural gland cf Ciona intestinalis. cg = cere- 
bral ganglion, sg = subneural gland, cp = ciliated pit 
(Kedrawn after Plate,1922 and Kuhlenbeck, 1967. Cour- 
tesy of Professor H. Kuhlenbeck and Academic Press 
Inc. New York), 


401 


Ei = 








SELECTED BIBLIOGRAPHY 


Abe, H., Kato, Y., Iwasaki, Y., Chihara, K., and Imura, H. (1978). Central 
effect of somatostatin on the secretion of growth hormone in the anes- 
thetized rat. Proc. Soc. Exper, Biol. Med., 159, 346-349, 

Abou, Y. Z., Adam, H. M., and Stephen, W. R. G. (1973). Concentration 
of histamine in different parts of the brain and hypophysis of rabbit: 


effect of treatment with histidine, certain other amino acids and hista- 
mine, Br. J. Pharmacol. 48, 577-589, 


Abraham, M, (1976) Ultrastructure of the cell types and of the neurosecre- 
tory innervation in the pituitary of Mugil cephalus L. from feshwater, the 
sea, and a hypersaline lagoon. III. The neuro-intermediate lobe. Gen. 
Comp. Endocrinol, 29, 511-521. 


Advis, J. P., Hall, T. R., Hodson, C.A., Mueller, G.P., and Meites, J. (1977). 
Temporal relationship and role of dopamine in short loop feedback of 
prolactin. Proc. Soc, Exper. Biol. Med., 155, 567-570. 

Agarwal, R. A., Rastogi, R. B. and Singhal, R. L. (1977). Enhancement of 
locomotor activity and catecholamine and 5-hydroxytryptamine 


metabolism by thyrotropin releasing hormone. Neuroendocrinology, 
23, 236-247, 


Agnati, L, F., Fuxe, K., Hokfelt, T., Goldstein, M., and Jeffcoate, S. L. 
(1977). A method to measure the distribution pattern of specific nerve 
terminals in sampled regions. Studies on tyrosine hydroxylase LHRH, 
TRH and GIH immunofluorescence. J. Histochem. Cytochem. 25, 
1222-1236. 


Ajika, K., and Hokfelt, T. (1973). Ultrastructural identification of cate- 
cholamine neurones in the hypothalamic periventricular-arcuate nucleus- 
median eminence complex with special reference to quantitative aspects. 
Brain Res. 57, 97-117. 

Ajika, K., and Hokfelt, T. (1975). Projections to the median eminence and 
the arcuate nucleus with special reference to monoamine systems : effects 
of lesions. Cell Tissue Res. 158, 15-35. 

Akmayev, 1 ‚G,, and Fidelina, O. V. (1976). Morphological aspects of the 

jalamic-hypophyseal system. VI. The tanycytes: their relation 

“to the sexual differentiation of the hypothalamus. An enzymohistoche- 

mical ae. Cell Tissue Res, 173, 407-416. 











ii COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Akmayev, I. G, and Popov, A.P. (1977). Morphological aspects of the 
hypothalamic-hypophyseal system. VII. The tanycytes : their relation 
to the hypophyseal adrenocorticotrophic function. An ultra-structural 
study. Cell Tissue Res. 180, 263-282. 


Allen, J. P., and Allen, C. F, (1975). Amygdalar participation in tonic 
ACTH secretion in the rat. Neuroendocrinology, 19. 115-125. 


Allen, J. P. Allen, C. F., Greer, M.A,, and Jacobs, J. J. (1973). Stress- 
induced secretion of ACTH. In: “Brain-pituitary-adrenal Interrelation- 
ships.” (International Symposium, Cincinnati, Ohio, 1972). Edited by 
Brodish, A. and Redgate, E. S.: S. Karger. Basel, Munchen, Paris, 
London, New York, Sydney. pp. 99-127. 


Alonso, G., Balmefrezol, M., and Assenmacher, I, (1978). Etude de 
l' innervation monoaminergique et peptidergique de l’eminence mediane 
du Rat par une combinaison, sur le meme hypothalamus, des techniques 


d’histofluorescence, d’immunocytochimie et de radioautographie, 
C. R. Soc. Biol., 172, 138-143, 


Alonso, R., Prieto, L., and Mas, M. (1978). Increase in pituitary levels af 
luteinizing hormone and follicle-stimulating hormone after pinealectomy 
in both intact and castrated male rats. Endocrinology, 102, 1534-1538, 


Alpert, L. C., Brawer, J. R., Jackson, I. M. D., and Reichlin, S. (1976), 
Localization of LHRH in neurons in frog brain (Rana pipiens and Rana 
catesbeiana). Endocrinology, 98, 910-921. 


Alpert, L. C., Brawer, J. R, Patel, Y. C., and Reichlin, S. (1976), 
Somatostatinergic neurons in anterior hypothalamus : immunohisto- 
chemical localization. Endocrinology, 98, 255-258, 


The authors studied the distribution of somatostatin in the rat with 
an immunoperoxidase technique and rabbit anti-somatostatin. 
Somatostatinergic neurons were identified in the preoptic and ante- 
rior periventricular hypothalamus between the anterior commissure, 
optic chiasm, and the anterior portion of the ventromedial nucleus. 
Bioassayable and immunoassayable SRIF is widely distributed in 
extrahypothalamic regions and so it is expected that Somatosta- 
tinergic neurons will be widely distributed. The authors could 
however observe a single presumed Somatostatinergic neuron in the 
putamen and they did not search for other locations in this study, 


Altman, J, and Bayer, S. A. (1978). Development of the diencephalon in 
rat. I. Autoradiographic study of the time of origin and settling pattern 
of neurons of the hypothalamus. J. Comp, Neurol., 182, 945-972. 











SELECTED BIBLIOGRAPHY itt 


Altman, J, aud Bayer, S. A. (1978), Development of the diencephalon in 
the rat. II. Correlation of the embryonic development of the hypo- 
thalamus with the time of origin of its neurons. J. Comp. Neurol., 
182, 973-994. 

Altman, J., and Bayer, S. A.(1978). Development of the diencephalon in 
the rat, III. Ontogeny of the specialized ventricular linings of the 
hypothalamic third ventricle. J. Comp. Neurol. 182, 995-1015. 


Amat, P., and Boya, J. (1973). Ultrastructural observations on the genesis 
and extrusion of secretory granules in the adenohypophysis. Acta 
anat. 86, 44-52. 

Ambach, G.. Kivovics, P., and Palkovits, M. (1978). The arterial and 
venous blood supply of the preoptic region in the rat, Acta morph. 
Acad. Sci. hung. 26, 21-41. 

Ambach, G., and Palkovits, M. (1974). Blood supply of the rat hypo- 
thalamus. I. Nucleus supraopticus. Acta Morph. Acad. Sci. hung. 
22, 291-310. 

Ambach, G., and Palkovits, M. (1974). Blood supply of the rat 
hypothalamus. II, Nucleus paraventricularis. Acta Morph. Acad, Sci. 
hung. 22, 311-320. 

Ambach, G., and Palkovits, M. (1975) Blood supply of the rat 
hypothalamus. III, Anterior region of the hypothalamus. Acta morph. 
Acad, Sci. hung, 23, 21-49, 

Ambach, G., Palkovits, M., and Szentagothai, J. (1976). Blood supply of 
the rat hypothalamus, IV. Retrochiasmatic area, median eminence, 
arcuate nucleus. Acta Morph. Acad. Sci. hung., 24, 93-119, 

Annunziato, L., Di Renzo, G. F., Schettini, G., Lombardi, G., Scopacasa, 
F., Scapagnini, U., and Preziosi, P. (1979). Lack of evidence for an 
inhibitory role played by tuberoinfundibular dopaminergic neurons on 
TSH secretion in the rat. Neuroendocrinology, 28, 455-441. 

Antakly, T., Pelletier, G., Zeytinoglu, F., and Labrie, F. (1979). Effects 
of colchicine on the morphology and prolactin secretion of rat anterior 
pituitary cells in monolayer culture. Amer. J. Anat., 156, 353-372, 

Antunes, J. L., Carmel, P.W., and Zimmerman, Z. A.(1977). Projections 
from the paraventricular nucleus to the zona externa of the median 
eminence of the rhesus monkey : an immunohistochemical study. Brain 
Res. 137, 1-10, 

Antunes, J. L., and Zimmerman, E. A. (1978). The hypothalamic magno- 
cellular system of the rhesus monkey : an immunocytochemical study. 
J Comp. Neurol., 181, 539-566. 





iv COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Aono, T., Kurachi, K., Miyata, M., Nakasima, A., Koshiyama, K., Uozumi, 
T., and Matsumoto, K. (1976). Influence of surgical stress under 
general anesthesia on serum gonadotropin levels in male and female 
patients. J. Clin, Endocr. Metab. 42, 144-148. 


Aono, T., Shioji, T., Kohno, M., Ueda, G., and Kurachi, K. (1976), 
Pregnancy following 2-bromo-« “ergocryptine (CB-154)-induced ovula- 
tion in an acromegalic patient with galactorrhea and amenorrhea, 
Fertil. Steril. 27, 341-344, 


Araki, S., Toran-Allerand, C. D., Ferin, M., and Vande Wiele, R. L, (1975). 
Immunoreactive gonadotropin-releasing hormone (Gn-RH) during 
maturation in the rat: ontogeny of regional hypothalamic differences, 
Endocrinology, 97, 693-697. 


Arendash, G. W., and Gallo, R. V. (1978)... Serotonin involvement in the 
inhibition of episodic luteinizing hormone release during electrical 
stimulation of the midbrain dorsal raphe nucleus in ovariectomized rats. 
Endocriology., 102, 1 199-1206, | 


Arendash, G. W., and Gallo, R. V. (1978). Apomorphine-induced inhibitioa 
of episodic LH release in ovariectomized rats with complete hypothalamic 
deafferentation. Proc, Soc. Exper. Biol. Med. 159, 121-125, 


Arendash, G. W., and Gallo, R. V. (1979). Effect of lesions in the supra- 
chiasmatic nucleus-retrochiasmic area on the inhibition of pulsatile LH 
release induced by electrical stimulation of the midbrain dorsal raphe 
nuclues. Neuroendocrinology., 98, 349-357. | 


Arendash, G. W., and Gallo, R. V.(1979). Regional differences in response E 
to electrical stimulation within the medial preoptic-suprachiasmic region 
on blood luteinizing hormone levels in ovariectomized and ovariec- 
tomized estrogen primed rats. Endocrinology., 104, 333-343, 

Arimura, A., Sato, H., Coy, D. H., and Schally, A. V. (1975), Radioimmu- 
noassay for GH-release inhibiting hormone. Proc. Soc, Exper. Biol. Med., 
148, 784-789. —— 

Arimura, A., Shino, M., de la Cruz, K. G., Rennels, E, G., and Schally, A.V. 
(1976). Effect of active and passive immunization with luteinizing 
hormone-releasing hormone on serum luteinizing hormone and follicle- 


7 u) 
Â Bar ° t 
a "i ` 
3 4 
>! ( 4 






e 













> À E> af a E T 
z 7 
teigin. 





{BER 
= 2 
Da 
t 4i 








SELECTED BIBLIOGRAPHY 


Aspeslagh, M.-R., Vandesande, F., and Dierickx, K. (1976). Electron micro- 
scopic immunocytochemical demonstration of separate neurophysin-vaso- 
pressinergic and neurophysin-oxytocinergic nerve fibres in the neural 
lobe of the rat hypophysis. Cell Tissue Res. 171, 31-37, 


Assies, J., Schellekens A, F. M., and Touber J. L. (1978). Protein hormones 
in cerebrospinal fluid : evidence for retrograde transport of prolactin 
from the pituitary to the brain in man, Clin, Endocr. 8, 487-491. 


Austen, B.M., Smyth, D. G., and Snell, C. R. (1977). y-endorphin, «-endor- 
phin and Met-enkephalin are formed extracellularly from lipotropin C 
fragment. Nature, 269, 619-621, 


Baertschi, A. J. and Dreifuss, J. J. (1979). Effect of enkephalins and of 
substance P on the hypothalamo-neurohypophysial system of the rat. J. 
Physiol., 289, 56P-57P. 

Baker, B. L., and Dermody, W. C. (1976). Effect of hypophysectomy on 
immunocytochemically demonstrated gonadotropin-releasing hormone 
in the rat brain. Endocrinology, 98, 1116-1122. 


The object of this study by the authors was to find out the effect of 
hypophysectomy on the store of gonadotropin-releasing hormone 
(GnRH) in certain parts of the brain as revealed by immunocytoche- 
mistry. They prepared the antiserum against synthetic GnRH 
conjugated with limpet hemocyanin. There was no change in the 
store of GnRH in the organum vasculosum of the lamina terminalis 
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tion was however, noted from the central and caudal ( junction with 
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female. Mammotrophs were polyhedral and were distributed 
generally in the gland. They were few in the sex zone. In the 
female the mammotrophs were larger and more numerous than in 
the male. The corticotrophs were few in number. They were 
small and stellate-shaped. The location of these cells was most 
commonly near the ventral surface of the gland and the cells formed 
bilateral centromedial groups in the lateral wings. Thyrotrophs 
were usually large and polyhedral. They were situated solely in the 
ventral region of the pars distalis. Gonadotrophs were polyhedral 
and distributed throughout the gland and they were aggregated in 
the cephalomedian sex cone. Most of the gonadotrophs contained 
both luteinizing hormone and follicle stimulating hormone. 


The glycoprotein hormones consist of an < and a s—subunit, within 
a species, and the <—subunit has a similar structure in LH, FSH, and 
TSH. The #—subunit is structurally unique and explains the biolo- 
gical and specific immunological properties of the intact hormone, 
Due to the common «-subuit there is absence of specificity in 
immunocytochemical staining. Secondly, “Complete purification of 
LH, FSH and TSH is difficult so that apparent cross-reactivity may, 
be due to hormonal contamination of the antigen used for immu- 
nization, or of the hormone used for absorption in control proce- 
dures.” Due to the carbohydrate moiety in glycoprotein hormones, 
the cells secreting them have similarities in histochemical reaction. 
All basophils are PAS +. Thyrotrophs and corticotrophs of the 
rat stain with aldehyde fuchsin. The authors stated, “Remaining 
a problem for future immunocytochemical study of the mouse hypo- 
physis is the possibility that TSH and FSH exist together in some 
cells. Since most gonadotrophs appear to contain both LH and 
FSH, the reason why we did not find LH and TSH together in 
gonadotrophs is not evident, Additional search might have revealed 
such cells ; if present their number must be exceedingly small,” 


Baker, B. L., and Yen, Y. Y. (1976). The influence of hypophysectomy 
on the stores of somatostatin in the hypothalamus and pituitary stem. 
Proc. Soc. Exper. Biol. Med., 151, 599-602. 

28 to 133 days after hypophysectomy of the rat, there was depletion 
of somatostatin as revealed immunocytochemically from all segments 
of the median eminence and from the proximal part of the infundi- 
bular stem. Consistent change in the somatostatin content of the 
organum vasculosum of the lamina terminalis (OVLT) could not be 
Somatostatin and GnRH are depleted from the median eminence 
after hypophysectomy. This may be due to degeneration and rej air 


$ i 
s, l- 


Ta 9 
— - : * nn Pr 
KA ain ot 





F 












SELECTED BIBLIOGRAPHY vii 


of the median eminence-pituitary stalk after hypophysectomy. 
Magnocellular neurons of the supraopticohypophysial system are 
primarily involved. Somatostatin is not associated with these nerve 
fibres and so it does not appear in the regenerated areas of the 
median eminence and stalk, The reduced somatostatin content 
alter hypophysectomy may also be due to interference with the 
function of other neurons which synthesize and transport somatos- 
tatin. The other explanation is that if secretion of somatostatin 
depends on positive feedback by pituitary somatotropin, the loss 


of somatotropin by hypophysectomy might reduce the production 
and secretion of somatostatin. 
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The proestrous surge of LH in plasma can be divided into four 
phases. These are: (1) an initial rising phase, during which time 
plasma LH rises relatively slowly, (2) a rapid rising phase, during 
which time plasma LH rises rapidly, (3) a plateau phase, and (4) a 
ò declining phase. 
Shortly after LHRH infusion was terminated, there was drop of 
plasma LH and FSH concentrations. “These findings suggested that 
the proestrous LH and FSH surges require continual or near conti- 
nual release of hypothalamic LHRH for a period of about three 
hours followed by a period of diminished LHRH release”. 
“The LH and FSH surge characterization and stimulation studies 
SAARA AAA REN revealed two very interesting aspects of the proestrus LH 
y and FSH surges. First, the rapid rising phase of the surges appears 
to be the result of LHRH self-priming. Second, the declining phase 
of the surges appears to be the result of both reduced hypothalamic 
LHRH release and a decreased ability of the pituitary to respond to 
LHRH”, LHRH self-priming and factors responsible for putting 
_an end to the proestrous LH and FSH surges have been discussed 
by the author, 
Dr, Blake also studied morphological and physiological correlates 
for LHRH self-priming and pituitary refractoriness to LHRH. Con- 
tinuous infusion of LHRH elevates rat plasma gonadotrophins. By 
immunocytochemical techniques, LH and FSH gonadotropbs can be 
identified. The auther infused LHRH intravenously into pentobar- 
: bital blocked proestrous rats at the rate which simulates the rising 
and plateau phases of the LH and FSH surges and noted changes 
in LH-secreting cells with the production of LH surge by utilizing 
‘ultrastructural immunocytochemical techniques. 
A. 





Mousa ee 









COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


No effect on plasma or pituitary LH-concentration or ultrastructural 
changes in L,H-secreting cells could be observed after phenobarbital 
injection and a five hour saline infusion, when compared with 
that of control rats sacrificed prior to the critical period. The 
basic cell type stained in all control rats was polygonal to ovoid. 
The granules were evenly distributed throughout the cell or con- 
centrated at one pole. 


“At 15,30 or 60 minutes after the start of continuous LHRH infusion, 
the cocentration of LH in the pars distalis rose significantly despite 
increases in plasma LH during initial and rapid rising phases”. 
The number of granules in LH cells increased significantly at these 
times and this feature correlated with LH concentration. These 
indicate that LHRH self-priming is associated with net increased 
synthesis and packaging of pituitary LH. 

The pituitary became refractory to LHRH and pituitary LH 
concentration was reduced by one-half to one-third at five hours 
after the start of continuous LHRH infusion (50 ng/h). Marked 
degranulation was noted in LH-stained cells. It can be concluded 
that pituitary refractoriness to LHRH is associated with a decreased 
ability of LH-secreting cells to synthesize and/or package LH. 
For the pituitary refractoriness to LHRH to develop, there should 
be a decrease in pituitary LH concentration. 

The author tried to correlate morphological changes in FSH- 
secreting cells during both phases of FSH release during proestrous 
and estrous, 


The author has further explained the 24-hour periodicity in the 
LH surge and cyclic or daily LH surges. The critical period, 
activation period and potential activation period have also been 
discussed in relation to his own previous and present observations. 
The piece of work also includes estrogen positive feedback and the 


neural clock, neurotransmitters and LHRH release, and stress and 
LH release. 


Stress and LHRH release 


Ovulation’ can not be blocked by a variety of acute stresses, when 
the infliction was coincident with the proestrous critical period. 
Similarly, fracture of leg bones, sham ovariectomy, or i. v. injection 
of 10u of ACTH or 20048 of corticosterone one hour before 


— of the 1400 hours critical period did not affect the LH 


surge or release of a full chang —— of ova re 
C ohearvation). 
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Stressing procedures just before the starting of the spontaneous LH 
surge were ineffective to change pituitary LH release, However, 
if the same procedures are adopted earlier during the estrous 
cycle, LH release can be blocked or the length of the estrous 
cycle can be extended. From Blake's laboratory it has been found 
that implantation of cannulas into the right atrium on the morning 
of the proestrous did not interfere with LH surge on that after- 
noon, But cannulation with otherwise ineffective doses of nicotine 
on that afternoon in proestrous can block ovulation and 
spontaneous LH surge. “In four-day cyclic rats cannulation of the 
right atrium during the morning of dioestrous day one but not on 
the morning of other days of the estrous cycle immediately extended 
the cycle to five days. This lengthening in the cycle could not 
be produced by the s.c. injection of 20u of ACTH in gelatin 
or breaking the right leg on the morning of diestrous day one. 
This suggests that the type of stress rats are subjected to and the reproduc- 
live state of a rat both play a role as to whether LH release or length of 
estrous cycle will be affected by stressful situations”. 


Immobilization stress in ovariectomized rats suppressed pulsatile LH 
release and lowered plasma LH concentration. No alteration in 
the pulsatile patterns in plasma LH could be found after sham 
ovariectomy four hours before collection of blood, fracture of leg, 
or intravenous injection of 100 ACTH or 200 mg corticosterone 
during the collection period. These findings prove that pulsatile 
LH release mechanism is resistant to many stresses, but the type 
or degree of stress is responsible for the effectiveness for suppression 
of pituitary LH release. In women psychogenic stress Causes secondary 
amenorrhoea and anovulatory cycles. Adrenal epinephrine released 
endogenously during psychogenic stress or exogenously infused 
has profound effect on cyclic LH release, Blake concludes, “It is 
possible that siress-activation of the sympathetic nervous system 
with subsequent adrenal epinephrine release may be involved not 
only in experimental circumstances of stress-induced inhibition ol 
LH release but in psychogenic causes of secondary amenorrhoea and 
anovulatory cycles”. 


Blake, G. A., Scaramuzzi, R. J., Hilliard, J., and Sawyer, C. H. (1973). 
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Fig. 58. 1. 1. Immunofluorescence micrographs (mounts) of coronal serial 
sections of the rat hypothalamus after incubation with vaso- 
pressin, oxvtoc’n and neurophysin antisera, respectively. In 
(a), both the suprachiasmatic nucleus (left) and supraoptic 
nucleus (right) contain VP (vasopressin) immunore- 
active cells and fibres. The group of cell bodies in the supra» 
optic nucleus immediately adjacent to the optic chiasma 
(arrows) is iocalised with this antiserum., In (b) OXY 
oxytocin) immunoreactivity is not found in cells or fibres of 
the suprachiasmatic nucleus (arrowheads), and a different 
population of cells within the supraoptic nucleus contain OXY, 
Compare the lack of staining of the cells immediately adjacent 
tothe optic chiasma (arrows) with the intense staining ın (a). 
in (c), note that essentially all cells of the supraoptic nucleus 
are localised with neurophysin antiserum, and thar many of the 
cells of the suprachiasmatic nucleus stain as well. OC, optic 
chiasma, Magnification x 120. Courtesy of Dr, R. P, Elde, 
Dr. J. Hughes and the MACMILLAN PRESS LTD, 
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Fig. SB. 1.2 Immunefluorescence micrographs of coronal 
sections of the rat periformical area (a), 
hypothalamic periventricular area (b), piri- 
form cortex (c) and dorsal tegmental nucleus 
id) after incubation with antiserum to 
methionine enkephalin, TRH thyrotropin 
releasing hormone, SOM (somatostatin), 
and SP (substance P), respectively. In (a) 
note the ENK ith» enkephalins) perikarya 
medial to the fornix in the vicinity of a 
large vessel, In Ib), TRH-contsining cell 
bodies in the dorsal aspeet of the peri- 
ventricular area are found in small clusters. 
In ic) several SOM-containing cortical 
neurons exhibit multiple processes. In id), 
nete the SP-positive neuronal perikarya im 
the dorsal tegmental nucleus just ventral to 
the IVth ventricle. Arrow points medially ; 
double arrow points dorsally. F, fornix, 
Ill, third ventricle, IV, fourth ventricle. 
Magnification x 120 (a, b, d) and s 400(c). 
Courtesy of Dr. R. P. Elde, Dr, J. Hughes 
and the MACMILLAN PRESS LTD. 
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Fig. SB. 1.3. Immunofluorescence micrographs of the rat 


suprachiasmatic nucleus (a, b), thalamic 
nucleus paraventricularis rorundocellularis(c) 
and lateral septal nucleus (d) afrerincubation 
with antiserum to NP(neurophysins), SOM 
(somatostatin), N Pineurophysins) and 
methionine-enkephalin, respectively. In (a) 
and (b), note the dense networks of fibres 
and terminals containing NP end SOM 
respectively. Note that the NP-containing 
elements are most prominent in the dorsal 
and medial aspects of this necleus, whereas 
the SOM elements are found in ventral 
aspects as well. In (c), nore the somewhat 
sparse distribution of NP fibres and termi- 
nals in this thalamic nucleus Several other 
peptidergic systems also project to this 
nucleus (not shown). In (d), note the fine, 
basket-like terminals containing ENK 
(enkephalins) surrounding some neurons ot 
the lateral septal nucleus. III, third ventri- 
ele OC, optic chiasma, MH, medial habe- 
nular nucleus, L, lateral ventricle. Magni- 
fication z 120. Courtesy of Dr, g, P. Elde, 


Dr. J. Hughes and the MACMILLAN 
PRESS LTD. 
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clearly the DA receptors in this region, it can be evaluated 
whether the potency of DA agonists to bind tothe receptor or to 
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Ultrastructural studies following LHRH infusion into a portal 
vessel have not been done and therefore Luborsky-Moore et al, (1975) 
undertook this problem, Unstimulated gonadotroph from nonin- 
fused portion of pituitary shows undistended endoplasmic reticulum. 
The size of the stimulated gonadotrophs was medium to large and 
they were located on or near a blood capillary. There were numerous 
small (130-250 nm in diameter) and large granules (450-650 nm in 
diameter). These cells contained vesicular endoplasmic reticulum 
which was usually undilated in control tissue and a large Golgi ring 
containing a few coated vesicles and granules, Evidence of granule 
extrusion was there. 


Increase in exocytosis was observed in the gonadotrophs, one to 

three minutes after infusion of LHRH. ER started to enlarge. ER 

was increasingly distended at 5-10 minutes and more small coated 
vesicles were present within the Golgi apparatus. Exocytosis was : 
still increased but less than noted at 1-3 minutes, The ER was 
maximally distended at I5 minutes and the cisternal space was filled 

with a dense fibrous material. There were new secretory granules 

within the Golgi apparatus. | . 


The ER was no longer dilated at 30 minutes. There were as many * 
new granules in the Golgi complex as at 15 minutes. The gonado- 

trophs resembled unstimulated cells at 60 minutes. The ER was 

not distended, and the Golgi apparatus had only a few new 
secretory granules. Mature secretion granules filled up most of the 

cells. 5 
Thus there is morphological evidence for LHRH-induced er 
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LHRH-ethylamide. 
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the analogs (I & II) were 30 times more potent and had prolonged 
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infusion of GnRH and the analog (I and II) provided ample mor- 
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The authors concluded that LHRH controls gonadotrophin secre- 
tion and negative and positive feed back actions of gonadal steroids 
modulate the secretion of LHRH. Gonadal steroids act at CNS 
and also on the anterior pituitary. These steroids increase or 
decrease the sensitivity and responsiveness of the gland to LHRH. 
Responsiveness of the gonadotrophs is increased by the neurohor- 
mone. Monoaminergic transmitters primarily control LHRH and 
gonadotrophin secretion. These transmitters are released at 
synapses which impinge on LHRRH-secreting neurons. Norepine- 
_ phrine stimulates gonadotrophin release. “Dopamine appears either 


to facilitate or to inhibit the release of LHRH, according to the 
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specimens and with light microscopic examination of serial sections 
of injected hypothalamic, median eminence and pituitary specimens 
employing reflected lighting „pr epiillumination. Transmission 
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In these species, the median eminence (infundibular) capillary bed k 
is divisible into an external and an internal plexus. The superior 
hypophysial arteries supply the external plexus (neurohacmal 

contact zone) and this is continuous with the capillary bed of the 
infundibular stem and process, 


Blood passes out from the external plexus via three vascular 
routes : 


a) by fenestrated portal vessels and capillaries to the 
adenohypophysis. 


b) by capillary connexions to the medial basilar hypothalamus. 


c) by internal plexus capillaries to the ependyma of the median 
eminence, P 


“Median eminence vasculature is structurally organized to deliver 


(1) hypothalamic and neurohypophysial peptides to the glandular 
pituitary via portal vessels, 


(2) hypothalamic and pituitary secretions to the medial basilar 
hypothalamus via capillaries, and ie 


(3) hypothalamic and pituitary secretions to distant brain sites 
throngs cerebrospinal fluid via ventricular and subarachnoid 
routes”. ace han 
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amine hormones”, 
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precursors of the two fluorogenic amines, dopamine and 5- 
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D=Decarboxylation of the relevant precursors, 3, 4 -dihydroxyphe- 

. nylalanine and 5- hydroxytryptophan. 

Additional letter S=Storage of the amines in or on membrane 

-bound endocrine granules. 
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The neurohypophysis is divisible into infundibulum, infundibular 
stem, and infundibular process, Median eminence is that part of 
the infundibulum which forms the floor of the third ventricle. Ihe 
infundibulum, infundibular stem (or pituitary stalk) and the 
infundibular process ( posterior pituitary gland or neural lobe ol the, 
pituitary gland) are continuous with one another. 


The superior, middle and inferior hypophysial arteries supply blood 
to the neurohypophysis, Capillaries from the superior hypophysial 
arteries supply the infundibulum. The unilaterally or bilaterally 
situated middie hypophysial arteries supply blood to capillaries in 
the infundibular stem and upper infundibular process. Ihe middle 
hypophysial artery has also been called the loral artery (McConnell, 
1953), and trabecular artery (Xuereb, Prichard and Daniel, 1954) 
in the human, and peduncular artery in the rat (Landsmeer, 1951). | 
The infundibular process is supplied by the inferior hypophysial 

arteries, The retrograde blood flowin the infundibular stem takes 

place through the dense network of vessels formed by the highly 

-~ interconnected capillaries i in the infundibular stem and infundibu- 
o lar process, 
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The adenohypophysis is divisible into pars distalis, pars intermedia, 
and pars tuberalis. In the human foetus, pars interme: dia c be 
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supply is through the long and short portal vessels, So, the blood 


coming to the sinusoids of the adenohypophysis first passes through 
the capillaries of the neurohypophysial complex, 


In adult animals high rate of secretion of LH after castration 
depends on the release of LHRH. It also depends on the increased 
sensitivity of the gonadotrophin-secreting cells in the pars distalis 
to LHRH in these castrated animals. Gonadal hormone (s) either 
directly or indirectly suppresses the sensitivity of the pars distalis 
toLHRH. After gonadectomy the sensitivity of the pars distalis 
to LHRH increases. It is evident that LHRH is a significant factor 
which not only causes preovulatory surge release of LH but also 
it maintains the chronic hypersecretion of LH in the castrated state. 
Most of the LHRH in the infundibulum is present in axonal 
terminals, Within synaptosomes, LHRH appears to be compart- 
mentalized in electron-dense particles which resemble dense-cored 
vesicles. Potassium and calcium help in the rapid release of LHRH 
from synaptosomes in the incubation mixture. The quantity of 
gonadotrophin release depends on the quantity of LHRH delivered 
to the pars distalis and also on the sensitivity of the gonadotrophs 
to LHRH. Oestrogens and gonadectomy increase the sensitivity of 
the gonadotrophs to LHRH, 


Catecholamines can regulate the pars distalis. The infundibulum 
has large stores of norepinephrine, a lesser quantity of dopamine 
and a small quantity of epinephrine. Dopamine acts as physiological 
inhibitor of prolactin release. Hypophysial portal plasma contains 
higher quantity of dopamine (between 10°* and 10°" moles per litre) 
compared to that in arterial plasma of the same animal. Concen- 
trations in both these places were more or less equal for none- 
pinephrine and epinephrine. Infundibulum secretes dopamine 
selectively. 


At the concentration mentioned above, prolactin secretion is 


inhibited in vitro. Highest concentration of dopamine was found 
in hypophysial portal plasma of rats during pregnancy and lowest 


concentration was found in intact female rat on pro-estrus, i. e. the 


me) day of release of preovulatory LH and prolactin. 


h | 6 High sensitivity of the pars distalis to LHRH around the time of 
preovulatory release of LH in women may be partly due to a reduc- 
5 ETIEN Y tion of dopamine secretion by the infundibulum., 
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Hypothalamic secretion may be regulated by the pituitary through 
the retrograde blood flow in the infundibular stem and in this 
way retrograde blood flow transports pituitary hormones to the 
infundibulum, These hormones include LH, TSH, PRL, ACTH, 


4-MSH, and vasopressin. 


There are evidences for the fact that PRI, (prolactin) stimulates 
dopamine secretion. Dopamine secretion into the portal blood is 
highest on the day of estrus—the day following the preovulatory 
surge release of LH and PRL. i 


Increased quantity of PRL is secreted in women while they remain 
amenorrhocic when they nurse their babies. In women hypogonado- 
trophic amenorrhoea due to PRL-producing adenomas of pars 
distalis is due to excessive PRL production. 


During pseudopregnancy in female rats there is no ovulatory 
cycle and this can be compared to amenorrhoea of lactation, PRL 
increases in a pulsatile manner in the early morning and early 
evening hours for about 10 days in this circumstance in the female 
rat. In pseudopregnant rats increased quantity of dopamine is 
secreted into the portal blood, the quantity of which is comparable 
to that noted in pregnant rats. 


The authors finally tried to integrate hypothalamic and pituitary 
secretion. The hypothesis relates to dopamine, PRL and LH 
secretion. They took up the condition of hyperprolactinaemic 
hypogonadotropism in women with prolactin secreting adenomas in 
the pituitary. In this situation, blood supply of a localized part of 
the pars distalis is not through hypophysial portal blood but from 
vessels (? arteries) in the lower infundibular stem and/or infundi- 
bular process. ‘This isolated group of cells is not subjected to the 
inhibitory action of infundibular dopamine through the hypophy- 
sial portal blood and thus the group of cells can act as an explant 
which is not dependent on hypothalamic control, Explants of cells 
of pars distalis under the renal capsule can secrete more PRI, than 
an in situ gland. If this group of cells in the pars distalis gets 
blood supply from middle or inferior hypophysial arteries, these cells 
then can act as an explant secreting large quantities of PRL. Ey 
retrograde flow, part of PRL reaches the infundibulum through the 
infundibular stem and dopamine synthesis and release is stimulated 
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the release of gonadotrophins, ‘This is achieved by suppression of 
the responsiveness of gonadotrophs to LHRH. PRL-secreting cells 
receiving blood from the hypophysial portal vessels can also be 
suppressed, PRI -secreting cells which receive blood indirectly 
from the middle and inferior hypophysial arteries are not being 
acted upon by dopamine from the hypothalamus and so would not 
be affected by hypothalamic dopamine. This arrangement 
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The author said, “It is hardly possible to draw a sharp line between 
stress rescarch as such and work on organs involved in the mecha- 
nism of stress reactions. In this treatise I give considerable attention 
to the types of agents that can act as stressors or modifiers 
(conditioners) of the stress response, the role of nervous and hormonal 
mediators, and the diseases primarily dependent upon inappropriate 
reactions to stress, called derailments of the G. A.S. On the other 
hand, only cursory mention is made of the embryology, anatomy, 
histology and physiology of nerve centers and endocrine glands, the 
biosynthesis and degradation of hormones and metabolic changes, 
except insofar as they are directly related to the stress concept, 
Thus, I do not deal with the embryology of the hypothalamo- 
pituitary system, the enzymatic mechanisms leading to the synthesis 
or secretion of corticoids, or the electron microscopic (EM) 
structure of the median eminence (ME) unless such topics are of 
particular interest for the interpretation of stress reactions. Even 
the effects of — — ACTH or corticoids are considered 
only in this limited sense”. > 


Sen, K, K, and Menon, K. M. J. (1978). Oestradiol receptor in the 
rat anterior pituitary gland during the oestrous cycle : quantitation 
of receptor activity in relation to gonadotrophin releasing hormone- 
mediated luteinizing hormone release. J. Endocrinol. 76, 211-218, 


Setalo, G., Flerko, B,, Arimura, A., and Schally, A. V., (1978), Brain cells 
as producers of releasing and inhibiting hormones, International 
Review of Cytology, Suppl. 7. Neuronal Cells and Hormones, Eds. 
G.H. Bourne and J. F. Danielli. Academic Press, New York, San 


Francisco, London. pp. 1-52. 


Setalo, G., Vigh, S., Schally, A. V., Arimura, A., and Flerko, B. (1975). 
GH-RIH-containing neural elements in the rat me Brain 
Res. 90, 352-356. f 


'Setalo, G., Vigh, S., Schally, A, V., Arimura, A., and Flerko, B. (1976). 
ee study of the origin of yet. nerve 
| thera pothalamus, Bish m Res, 109/097-000 od 





> « 4% 











tae at © 
& 
$ 
a" — 








SELECTED BIBLIOGRAPHY exıvii 


Sharp, P. J., and Moss, R. (1977). The effect of castration on concen- 
trations of luteinizing hormone in the plasma of photorefractory 


red grouse ( Lagopus lagopus scolicus ), Gen. Comp. Endocrinol. 32, 
289-293, 


Sheridan, M. N., and Sladek, R, F. Jr. (1975). Histofluorescence and 


ultrastructural analysis of hamster and monkey pineal. Cell Tissue Res. 
164, 145-152. 


Shen, J. -T., and Ganong, W. F.(1976). Effect of variations in pituitary 
-adrenal activity of dopamine-s-hydroxylase activity in various regions 
of rat brain. Neuroendocrinology, 20, 311-318, 


Shiino, M., Arimura, A., Schally, A. V., and Rennels, E. G. (1972). Ultra- 
structural observations of granule extrusion from rat anterior pituitary 


cells after injection of LH-releasing hormone (porcine). Z. Zellforsch. 
128, 152-161. 


Shiino, M., Ishikawa, H., and Rennels, E. G. (1977). In vitro and in vivo 
studies on cytodifferentiation of pituitary clonal cells derived from the 
epithelium of Rathke’s pouch. Cell Tissue Res. 181, 473-485. 


Shiino, M., Conforti, N., and Chowers, I. (1979), TSH secretion following 
acute heat exposure, in intact and in hypothalamic deafferented male 
rats. Neuroendocrinology, 29, 2-8. 


Shiino, M., Ishikawa, H., and Rennels, E. G. (1978), Accumulation of 
secretory granules in pituitary clonal cells derived from the epithelium 
of Rathke’s pouch. Cell Tissue Res. 186, 53-61. 


Siegel, H. I, and Greenwald, G. S. (1978). The temporal pattern of 
LH, FSH, and ovulatory responsiveness to luteinizing hormone 


releasing hormone in the cyclic hamster. Proc. Soc, Exper. Biol. Med., 
158, 313-317, 


Silverman, A. J. (1975). The hypothalamic magnocellular neurosecretory 
system of the guinea pig. I. Immunohistochemical localization of neu- 
rophysin in the adult. Amer, J. Anat, 144, 435-444, 


Silverman, A, J. (1975). The hypothalamic magnocellular neurosecretory 
system of the guinea pig. Il. Immunohistochemical localization of 
neurophysin and vasopressin in the fetus. Amer. J, Anat. 144, 
445-460. 

bie ri ‚A. J. (1976). Ultrastructural studies on the localization of 

neurohypophysial hormones and their carrier proteins. J. Histochem. 

_ Cytochem. 24, — 


T Ae 








cxxviii COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Silverman, A. J. (1976), Distribution of luteinizing hormone-releasing 
hormone (LHRH) in guinea pig brain. Endocrinology, 99, 30-41. 


Silverman, A. J., Antunes, J. L., Ferin, M., and Zimmerman, E. A, (1977). 
The distribution of —— hormone-releasing hormone (LHRH) 
in the hypothalamus of the rhesus monkey, Light microscopic 
studies using immunoperoxidase technique. Endocrinology, 101, 134- 
142, 


Silverman, A. J., and Desoyers, P. (1976), The hypothalamic magnocellu- 
lar neurosecretory system of the guinea pig. III. Ultrastucture of the 
fetal neural lobe, Amer. J. Anat. 145, 499-516. 


Silverman, A. J., and Desnoyers, P, (1976). Ultrastructural immunocyto- 
chemical localization of luteinizing hormone-releasing hormone 
(LH-RH) in the median eminence of the guinea pig. Cell Tissue Res. 
169 : 157-166, 


Silverman, A. J., Vaala, S. S., and Knigge, K. M. (1973). Transport 
capacity of median eminence. 1V. Jn vivo thyroxine transport, Neuro- 
endocrinology, 12, 212-223. 


Simantov, R., Childers, S. R., and Snyder, 5. H. (1977). Opioid peptides : 
differentiation by radioimmunoassay and radioreceptor assay. Brain 
Res, 135, 358-367. 


Simantov, R., Kuhar, M. J., Uhl, G. R., Snyder, S. H.(1977). Opioid 
peptide enkephalin : immunohistochemical mapping in rat central 
nervous system, Proc. Natl. Acad. Sci. USA. 74, 2167-2171. 


Simpkins, J. W., Advis, J. P., Hodson, C. A., and Meites, J. (1979). Blockade 
ot steroid induced luteinizing hormone release by selective depletion 
of anterior hypothalamus norepinephrine activity. Endocrinology, 104, 
506-509, 

Simpkins, J. W., Hudson, C. A., and Meites, J. (1978). Differential effects of 
stress on release of thyroid-stimulating hormone in young and old male 
rats. Proc, Soc, Exper. Biol. Med., 157, 144-147. 


Singh, A. K., and Singh, T. P. (1976). Effect of clomid, sexovid and prosta- 
glandins on induction of ovulation and gonadotropin secretion in 


freshwater catfish, — Sossilis: (Bloch). Endokrinologie, 68, | 


129-136. 


1 K. B. -3 — in te a C. J. n ptsitay Antenor and — roups 


















SELECTED BIBLIOGRAPHY exxix 


Singley, J. A., and Chavin, W. (1975). The adrenocortical-hypophyseal 
response to saline stress in the goldfish, Carassius auratus L, Comp. 
Biochem, Physiol. 51, 749-756, 


Sladek, J. R., (1978). Catecholamine-containing subependymal cells 
in the rat brain. Brain Res, 142, 165-173, 


Sladek, J. R., and Sladek, C. D. (1978). Localization of serotonin 


within tanycytes of the rat median eminence. Cell ‘Tissue Res. 186, 
465-474, 


Slijkhuis, H. (1978). Ultrastructural evidence for two types of gonadotro- 
phic cells in the pituitary gland of the male threespined stickleback 
Gasterosteus aculeatus. J. Comp. Endocrinol. 36, 639-641, 


Four secretory cell types could be found in the proximal pars 
distalis of the pituitary gland of the male stickleback. Two of 
them probably have a gonadotrophic function. The development 

° and maintenance of viable spermatozoa in the seminiferous tubules 
of the testes may be related to type | cells. Leydig cell development 
seems to be correlated with the activity of the type 2 cells. 


Sinha, Y. N., Wolf, G. L., Baxter, S. R., and Domon, O. E. (1979), Serum 
and pituitary concentrations of growth hormone and prolactin in pygmy 
mice. Proc. Soc, Exper. Biol. and Med. 162, 221-223. 


Smith, A, F.(1975). The effect of apomorphine and ergocriptine on the 
release of MSH by the pars intermedia of Rana pipiens. Neuroendocri- 
nology, 19, 363-376, 


Smith, A. G., and Shuster, S. (1976), Immunoreactive betamelanocyte- 
stimulating hormone in cerebrospinal fluid, Lancet, 1, 1321-1322, 

Smith, S. W., and Gala, R. R. (1977). Influence of restraint on plasma 
prolactin and corticosterone in female rats, J. Endocrinol. 74, 
303-314, 


Snyder, S. H., Uhl, G. R, and Kuhar, M. J. (1978). Comparative 

features of encephalin and neurotensin in the mammalian nervous system. 

In “Centrally Acting Peptides”, Ed: Hughes, J: Publisher: The 
MACMILLAN PRESS Ltd., London and Basingstoke. pp. 85-97, 

Steger, R. W., Huang, H. H., and Meites, J. (1979), Relation of aging to 


_ hypothalamic LHRH content and serum gonadal steroids in female rats, 
Proc, Soc. Exper. Biol. and Med. 161, 251-254, 





CXXX COMPARATIVE ASPECTS OF THE PITUITARY GLAND 


Soest, S. W., Farner, D. S., and Oksche, A, (1973), Fluorescence microscopy 
of neurons containing primary catecholamines in the ventral hypothala- 


mus of the white-crowned sparrow, Zonotrichia leucophrys gambelii. Z 
Zellforsch. 141, 1-17, 


Sofroniew, M. V. (1973). Immunoreactive a-endorphin and ACTH in the 
same neurons of the hypothalamic arcuate nucleus in the rat. Amer, Je 
Anat, 154, 283-289, 


It was concluded that ACTH and -endorphin are fcund in the 
same perikarya of the hypothalamic arcuate nucleus neurons and 
this supports the concept that the synthesis of ACTH and a-endor- 
phin are linked not only in the pituitary or in non-pituitary 
tumours, but also in the brain, possibly through a common 
precursor, Pathways of ACTH fibres correspond to pathways of 
s-endorphin fibres, 


Sofroniew, M. V., and Weindl, A. (1978). Parvocellular vasopressin and 
neurophysin-containing neurons of the suprachiasmatic nucleus. Amer. 
J. Anat. 153, 391-430. 


> 


Sofroniew, M, V., and Weindl, A. (1978). Extrahypothalamic neurophysin- 
containing perikarya, fiber pathways and fiber clusters in the rat brain. 
Endocrinology, 102, 334-337, 


Soji, T. (1978), Cytological changes of the pituitary basophils in rats 
slowly infused with thyrotropin-releasing hormone (TRH). Endocr. Jap. 
25, 245-258. 


Soji, T. (1978), Cytological changes of the pituitary basophils in rats slowly 
infused with LRH and with LRH and TRH in combination, — E doer, 


Jap. 25, 259-274. Ji kd Tite g , June 


Sokol, H, W., Zimmerman, E. A., Sawyer, W, H., and Robinson, A.G. 
(1976). The hypothalamic-neurohypophysial system of the rat: locali- 
zation and quantitation of neurophysin by light microscopic immuno» 
cytochemistry in normal rats andin- Brattleboro rats deficient in vaso- 
ee Endocrinology, 98, 1176-1188. Bro 





P., Hershn BEN. — and — 














oO 
SELECTED HIRLIOGRAPHY cxxi 


Sowers, J. R., Tempel, G., Resch, G., and Colantino, M. (1978). Pituitary 
response to TRH and LHRH in spontaneously hypertensive rats. Proc. 
Soc. Exper. Biol. Med, 159, 397-399, 


Srivastava, S., Prakash Rai, B., and Swarup, K. (1977). Histomorphology 
of the tinctorial cells in the pituitary gland of Channa striatus (Bloch), 
Arch, Biol. (Bruxelles), 88, 101-116. 


Stark, E., Acs, Z., Palkovits, M., and Folly, G. (1975). Corticosteroid 
receptors in the central nervous system of the rat. Acta Physiol. Acad. 
Sci, Hung, 46, 115-124, 


Steger, R. W., Peluso, J. J., and Hafez. E. S. E. (1976), Effect of photoperiod 
on gonadotropin releasing hormone-induced LH release in the immature 
rat, Neuroendocrinology, 21, 68-73. 


Steruberger, L. A, (1978). Receptors for luteinizing hormone-releasing 
hormone. J. Histochem, Cytochem. 26, 542-544, 


Sternberger, I. A., and Hoffman, G. E. (1978). Immunocytology of 
luteinizing hormone-releasing hormone. Neuroendocrinology, 25, 
111-128, 


The authors reviewed the subject thoroughly. Intense immunocyto- 

+ logical visualization of LH-RH fibres in the median eminence has 
been made by different authorsin different vertebrates (frog, toad, 
duck, cockerel, guinea pig, mouse, hamster, cat, dog, squirrel 
monkey, rhesus monkey and human foetus), LH-RH-containing 
granules were of two types. In the axons the granules were 90-120 
nm in diameter, In the nerve terminals they were 40-70 nm in 
diameter, The authors said, “it is, therefore, obvious that the 
choice of fixative and its delivery to the tissue could greatly influ- 
ence the ability to detect LH-RH within various anatomical loci, 
Yet, this consideration can only account for some of the discrepan- 
cies concerning the LH-RH perikarya”. 


For immunocytochemical localization of LH-RH, there are indirect 
abeled immunocytochemical methods and unlabeled antibody 
enzyme method, The unlabeled method is more sensitive than the 

| labeled method. Recent investigators have used the unlabeled 
method. “The unlabeled antibody enzyme method provides a 
triple amplification of specificity”. Even with all necessary precau- 
ons and application of the more recent method, visualization of 
gia. OS EER Deitgarya aot tite. The authors thought that the 
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difficulty in detecting LH-RH perikarya may lie in the fact 
“that this hormone, like vasopressin and oxytocin, is closely 
associated with a binding protein which, in the case of LH-RH, 
alters its antigenic properties ? or it may be that “the antigenicity of 
I,H-RH is masked by peptidization in the form of a prohormone 
reminiscent of the encephalin peptide sequence in lipotropin.” 


Antisera derived from bovine serum albumin (BSA)-conjugates 
at the terminal glycine position can immunoreact with cell bodies, 
One such serum is Arimura no, 710, 


It requires the more central amino acids for antigenic determinants 
for binding and does not require either the N-terminal or the 
C-terminal amino acid for this purpose. Hence, this serm is able 
to detect not only the bound hormone but also those metabolites of 
LH-RH in which one or both the terminal amino acids are hydro- 
lysed from the molecule. 


In the rat and mouse there are two populations of ‘LH-RH'’ cell 
bodies, termed as Field I and Field II, These two are quite distinet 
from each other, both anatomically and immunochemically. The 
LH-RH Field I is located in the retrochiasmatic and arcuate areas. 
It can be stained with the antiserum produced against the histidy! 
LH-RH conjugate (the Sorrentino antiserum F) but not with any 
antiserum generated against the LH-RH conjugates linked to the 
glutamyl (i. e. Arimura no, 743) or to the terminal glycyl moiety 
(i. e. Arimura no. 710). The LH-RH Field II on the other hand, 
can be stained with Arimura no. 743 and 710, and the cells of this 
fleld are located inthe medial preoptic and medial septal regions. 
Further, the cells of this Field II are not revealed by the Sorrentino 
F antiserum, | | 


The LH-RH cell population in the guinea pig, dog and squirrel 
monkey does not show the differentiation of Field I and Field 1I as 
seen in the mouse and rats. They are stained with both Arimura 
743 and Sorrentino F, irrespective of their anatomical location, 
i,e., medial basal hypothalamic regions or preoptic and septal 
* This may be explained in two ways. It may be that the 

two fields have merged into a common pool neurons or it is possible 
at —— is a ya * ems LH-RH, having ı a combination of 
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of the perikarya. Since this restriction may be explai idi 

zation of LH-RH in which the anes tata is SE — 
cular structure of a larger protein (that may be termed big LH-RH) 
it 16 open to question whether the prohormone was different in the 
LH-RH of cell types I and II, and the 3rd LH-RH form. 


Irrespective of this diversity in the antigenic properties of the 
LH-RH neurons, the cells, in all the species, have a common 
tendency to disobey the traditional nuclear boundaries. For 
example, the Field I cells in the mouse and rats, supposed to occupy 
the arcuate region, extend laterally beyond the well-defined borders 
of the nucleus, into the retrochiasmatic and tuberal areas; the 
Field II cells supposed to occupy the medial preoptic area and medial 
septal region, extend into the preoptic periventricular area and the 
nucleus of the diagonal band of Broca, 


The distribution of LH-RH fibres is also more widespread than 
was previously thought. In addition to LH-RH fibres in the ME 
and OVLT, several hypothalamic and extrahypothalamic projec- 
tions were found. These include rather prominent collection of 
fibres in association with the bed nucleus of the anterior commi- 
ssurc, a group of fibres that courses through the periventricular 
regions of the thalamus, a set of fibres in the ventral portion of 
the medial mammillary nucleus, a band of fibres running in the 
thabenulo-peduncular tract and terminating in the interpeduncular 
region of the ventral tegmentum, a group of fibres in the preoptic 
suprachiasmatic nucleus, and a collection of fibres in the outermost 
strata of the superior colliculus. The presence of these fibres suggest 
that LH-RH possesses functions beyond those mediating LH and 


FSH release by the adenohypophysis. 


Whatever may be the extent and course of these extrahypothalamic 
fibres, it is certain that the most prominent localisation of LHRH 
fibres lies in the pathways that terminate on the vascular elements 


of the pituitary portal axis. The major group of these course 


KES 3. 


through the fibrous zone of the ME and undergo branching, where- 
from numerous fibres are sent to the external zone of the ME, 
This mixing of neuropeptide fibres between the fibrous and external 
zones is reminiscent of the finding that vasopressin and oxytocin 


fibres not only travel to the neural lobe as coarse fibres in the 


internal zone of the median eminence but also as fine fibres in 


“contact with portal capillaries of the external zone. Apart from the 
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major group, there is a second set of LH-RH fibres that colirses over 
the sulci of the pars tuberalis to enter the external zone of the 
ME. There is a third group of fibres which enters the vicinity of 
the portal vessels by coursing rostrally through the floor of the 
mammillary recess of the third ventricle and contacting the most 
caudal vessels without passing through the ME. 


Two pathways have been suggested to account for the LH-RH 
fibres travelling to the ME, viz., the tuberoinfundibular LH-RH 
pathway in the preoptico-infundibular LH-RH pathway, and which 
of these two is the primary contributor to the fibres of the ME is 
still a matter of controversy. In the guinea pig, for example, cell 
bodies have been detected in the preoptic region by Barry et al, 
(1973) and Silverman (1976). While Barry interpreted these as the 
major contributor to the ME fibres, Silverman holds a different 
view. She performed a deafferentation of the medial basal hypo- 
thalamus and found no remarkable loss of ME fibres. She also 
demonstrated that lesions of the preoptic area do not reduce LH- 
RH fibres in the ME, whereas lesions of the arcuate nucleus reduce 
the ME fibre-staining remarkably. 


An antiserum to LH-RH selectively stained the large secretion 
granules, and to a lesser extent the small secretion granules of the 
gonadotrophs, “When immunoabsorbed, depleted antisera were 
used, all gonadotroph staining had disappeared and LH-RH pre- 
treatment evoked no enhancemeut, To exclude the possibility that 
the immunoabsorbent was non-specifically destructive to the anti- 
body, anti-"""**ACTH was admixed with the anti-LHRH prior 
to immunoabsorption, The serum mixture stained ACTH cells 
strongly, and when the sections had been pretreated with LH-RH, 
gouadotroph staining became equally strong. Upon immunoabsorp- 
tion with the LH-RH immunoabsorbent, gonadotroph staining of 
LH-RH pretreated sections had disappeared, but ACTH cells 
remained unaffected.” 


Receptor for LH-RH was also seen on the plasmalemma, zona 
fasciculata and zona reticularis of the adrenal, 


A pineal peptide has been recently isolated which may apparently 


| act as luteinizing hormone release-inhibiting —— pails les 


- with LH-RH for r 





tor in the pituitary, 
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362, 364, 366, 367 release, 116-118 
Equine median eminence, 58, 59, ‘ synthesis, 118,119 
364, 365 Hypophysiotrophic area, 239, 278, 
Evolution, 382-390 286-290, 310, 361 
F Hypothalamo-hypophysial portal 
— 22-39, 58, 149, 155, 173, 


F — ry 22-24 404 379- 239, 244.248, ‚301-303, 359, Er 
cxx, cxai —— 


ie Vice... pe- ARA e i, ares 








. SUBJECT INDEX È 


Hypothalamus, 44-63, 64-66, 149- 
151, 162, 163, 173, 174, 177-179, 
181, 182-184, 190-196, 208, 209, 
214-218, 219, 223, 229, 231-233, 
239, 242, 245-251, 266-269, 272- 
282, 286-292, 303-323, 328-330, 
333, 337-348, 350-356, 357-367, 
372, 374, 375-378 


I 


Infundibular nucleus, see Arcuate 
nucleus 


Infundibular organ, 12 


Intermedia, pars, 41-43, 66, 100- 
115, 129, 130, 138-140, 152-154, 
160, 164, 168, 171, 172, 175-181, 
187, 191-194, 196, 197-199, 207, 
219-224, 227, 228, 230-233, 236- 
240, 256, 257, 258, 259, 266, 
282-285, 293-303, 323-326, 335 


L 


Lactotroph (LTH cells), see Prola- 
ctin cells, 18, 64, 68, 75-79, 117, 
121, 124-126, 128-130, 132, 135- 
139, 144-147, 152, 154, 160, 169, 
178, 179, 192, 193, 195, 199-204, 
221-223, 259, 260, 261, 266, 326, 
371, 372, xxxvi, ic, cl 

LH cells, 18, 23, 24, 29, 30, 64-66, 
68, 86, 87, 89-94, 99, 100, 117, 
118, 122, 128.135, 137-189, 174, 
211, 213, 224, 225, 265, 275,326, 
328, 329, 356, 367, 371-377, lix 


LHRH, |, 2, 5, 8, 18, 19, 59, 65, 
66, 162, 163, 195, 216, 217, 272- 
274, 284, 288-291, 338, 346, 3€4- 
367, 372, 375-377, xi-xiii, xviii, 
xlviii, xlix, lxxxiii, Ixxxiv, 
lxxxvii, xcvi, xcvii, cxxxi- 


Liquor contacting neurons, 12, 13, 
177, 217, 242-244, 249 


Lysosomes, 115, 254 


M 
Mammotroph, see lactotroph 


Median eminence, 1, 2, 4-6, 14, 16- 
20, 22-39, 43, 44-63, 149-151, 
155, 156, 173-175, 177, 179, 181, 
187, 188, 191, 194-196, 206-209, 
229, 231-234, 236-242, 244-250, 
277, 278, 280-282, 287-291, 293- 
306, 307-313, 315-318, 334-343, 
346-356, 359, 360-367, ci, cii 


Metamorphosis, 269-271 


MSH cells, 30, 37, 66, 114, 115, 
138-140, 154, 157, 158, 160, 168, 
171-173, 180, 181, 193; 194, 198, 
199, 215, 219-224, 266, 261-285, 
323-325, 357 


N 


Neural lobe (see neurohypophysis) 


Neurohypophysis, 25-39, 41-43, 44- 
57, 112, 149-151, 155, 156, 161, 
166, 172-174, 177-180, 187, 188, 
229, 232, 236-239, 250, 251, 295, 
299, 300-304, 308, 311-313, 318- 
323, 319-353, 362, 365 


Neurosecretory system and 
Neurosecretion, 16, 17, 24, 44- 
54, 57-63, 155, 156, 172, 173, 
177-181, 188, 190-196, 216.218, 
231, 232, 239-241, 245-248, 287, 
305-308, 316-324, 343-349, 351- 
355, 360, 362-367, lvii, cxxiv, 
-exlvi, cxlvii 

` 
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Nucleus lateralis tuberis (NLT), 
167, 180, 192-195, 217, 218, 231, 
xlvii, Ixvi 


o 


Organum colliculi caudalis, 7 


Organum vasculosum lamina ter- 
minalis (OVLT), 16, 32, 288, 
289, 291, Iv 


P 


Paraventricular nucleus, 44-46, 50, 
60,61, 291, 305-307, 337, 343, 
344, 345, 360 

Paraventricular organ, 241-243, 
367 

Pars distalis, 23, 24, 37, 40-43, 64, 
65, 67-100, 104-110, 116-142, 
151-154, 157-16], 164-170, 175- 
180, 184-234, 235-238, 251-280, 
286, 287, 293-303, 325-333, 334- 
341, 356-362, 368-381, v, lxv, 
lxvi 

Pars intermedia (see intermedia, 

pars) 

Pars nervosa (see) neural lobe) 

Pars tuberalis, 99, 100, 102, 104- 
111, 131, 136, 164, 175, 245-238, 
256, 257, 258, 293-301, 304, 333, 
335-337, 341, 342, 383, 385 

Pharyngeal hypophysis, 147 

Photoperiod, 315, 352, 372, 374- 
378 

—— 387-389 


— Hie ate (see hypothalamo- 
| _bypophysial portal systeri) 
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Preoptic nucleus, 149, 162, 163, 
172, 178, 180, 183, 195, 216-218, 
231, 239, 241, 278, xlvii 

Preoptico-neurohypophysial tract, 
150, 155, 156, 173, 177, 179-181, 
191, 193, 218, 231, 232, 240, 
241, 250, 251, liii 


R 


Rachendachhypophyse in holo- 
cephalians, 164, 165, 167, 168 


Rathke’s pouch, 40-43, 149, 164, 
165, 175, 235, 295, 296, 334, 
382-384, 387, 388 

Reissner's fibre, 13 


Releasing liormones and factors, in 
the hypothalamus, 1-10, 16-19, 
59, 61-63, 65, 66, 162, 163, 195, 
203, 207, 209, 216-219, 241, 266- 
274, 276, 278, 284, 285, 287-291, 
307, 338, 346, 352, 357, 359, 362, 
364-366, 369, 372-377, Iv, Ixx, 
lxxi, XCili, xciv, CX-CXili 

Retinohypothalamic path, 315 


5 

Saccus infundibuli, 41-43, 164, 172, 
236, 334, 386 

Saccus vasculosus, — 172, 175, 
221, 229 

Seessel’s pouch, 40, 334 

Somatostatin, 19, 162, 195, 196, 
210, 241, 242, 376, ii, vi, xviii, 
XXXV, xxxvi, axxix, x], xli 


Somatotroph (see growth hormone 


cells) 
Stellate (follicular) cells, 97-99, 


126, 133, 137, 140, 154, 161, 191, 


256, 328 
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Stress, 127-129, 205, 209, 264, 278- 
281, 301, 309-311, 343, 360, 361, 
xii, xiii, xlvi, xlvii, cxxv, cxxvi 


Subcommissural organ, (see cir- 
cumventricular organs), 13 


Suprachiasmatic nucleus, 8, 306, 


Supraoptic nucleus (SON), 44, 46, 
57, 60, 305, 306, 310, 311, 344, 
349, 360 


Supraoptico-hypophysial tract, 44, 


45, 48-50, 51-54, 57, 62, 63, 306- 


808, 312, 316-323, 345-348, 350, 


351 
T 


Tanycytes, 4, 5, 13-21, 257, 364, 





Thyrotroph (TSH cells), 23, 29, 30, 
C8, 72-75, 116, 117, 121, 124, 
125, 128-133, 135, 137-140, 144, 
145, 167, 168, 180, 219, 230, 
231, 253, 262, 263, 267-270, 326- 
328, 356, 357, 369, 370, 372, 
378, xxxvi 


Thyrotrophin-releasing hormone 
(TRH), 66, 123, 162, 163, 268- 
271, 291, 356, 364, 374, 376, xix, 
xxxix, civ, cli, clii 

Tuberohypophysial tracts, 45-47 

Tumors, 142-147 


Ww 
Wulzen’s cone, 101, 103, 104, 105 


Z 
Zona tuberalis, 43, 176, 229, 384, 
385 
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line from 
18 top 
17 bottom 
20 bottom 
13 top 
22 top 
11 top 
8 bottom 
6 bottom 
11 top 
18 bottom 
13 top 
Legend to figure 1.1 
19 top 
3 bottom 
l top 
l top 
23 top 
4 bottom 
10 top 
4 top 
11 bottom 
5 bottom 
l top 
7 top 
11 bottom 
7 bottom 
13 top 
18 bottom 
8 bottom 
3 top 
14,15 top 
13 bottom 





ERRATA 


read 
synthesized 
neurotransmitters 
tonic 
autoradio- 
process, 
foramina 
correspondence 
that the 
eminence 
Kuhlenbeck 
Pase- 


cleus 
Neurosecretory 
cells 

says, "since 
fuchsin 
luteinizing 
extends 
catecholamines,” 
cell 

GERL 

with that of 
Bergland 
internal 
aforementioned 
corresponds 
apposes 
traversed 
infundibular 
had occurred 
electrical 


for 
synthetized 
neurotrasmitters 
took 
antoradio 
process 
foamina 
correspendence 
that that 
eminance 
Kuhlenbeek 
Pas- 


eleus 
Neuroseretory 
celis 

says since 
funchsin 
iutcinizing 
extending 
catecholamines. 
cells 

GEROL 

with 

Bargland 
external 
aformentioned 
correspond 
appose 
travarsed 
infudibular 


+ was found 


eletrical 


b 
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Page no. line from read for 
30) 5 top vasopressin vasopression 
34 Legend to figure 2.3 
5 top arteriole anteriole 
35 Legend to figure 2.4 
9 top tufts tuft 
4 bottom by tuberal veins by veins 
36 Legend to figure 2.5 
5 top eminence eminece 
38 7 bottom form from 
39 2 top veinules venules 
42 Legend to figure 3.3 
6 top cleft plate 
48 6 bottom disintegrating disintergrating 
53 11 top elicit elecit 
61 21 top type V type IV 
61 25 top granules. granules 
71 20 bottom occurs occur 
75 6 top number numbur 
75 11 top shape. shape 
75 6 bottom Simultaneous Simultaneus 
76 18 bottom mammotrophs mammotrphs 
76 12 bottom lysosomes iysosomes 
76 10 bottom the Ihe 
79 17 top Hyalinized Hylinized 
80 Legend to figure 6.4 
read line 3 from bottom for line 4 and line 4 in 
place of line 3 from bottom 
83 20 top cells pass cells 
84 6 top They The 
84 15 bottom  trophs trops 
85 8 top found. found 
85 11 top vacuolation vavuolation 
86 12 bottom increase increas 
89 22 top , cells celles 
9 23 jop ` size size 


Pageno. line from 
95 17 top 
98 9 top 
98 21 bottom 
101 8 top 
102 Legend to figure 6.9: 
103 22 bottom 
103 7 bottom 
105 Legend to figure 6.10 
4 top 
10 top 
3 bottom 
107 Legend to figure 6.11 
6 top 
21 top 
109 Legend to figure 6.13 
14 top 
111 top 
114 5 top 
115 top 
115 13 bottom 
115 9 bottom 
118 17 top 
118 19 top 
119 5 top 
9 bottom 
9 bottom 
6 bottom 
3 bottom 
2 bottom 
1 bottom 
14 top 
1 bottom 
Al top 
19 top 
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ERRATA 
read 


consist 
cells 
vertebrates 


development. 


for 
censist 
celes 


veritbrates 
development, 


to delete line 6 from bottom 


elycoprotein 


lobes 


Atwell 


(1926, Fig. 39). 


vl 


Guinea pig. 


Spatz. 


vl 


openings. 
nsm. 


secretion and pars 


intermedia. 
somes, 
enzymes, 
synthesis, 
change 
which 
other 

with 
persists 
autonomy 
alter 

act 
filtration). 


crinophagy’’. 


region. 


glycoprotein 
lobs 


Aiwel 
(1926,) Fig. 39). 
Vi 


Gcinea pig. 
Spatz, 


VI 
openings 
nsm 
increase in granulation, 
activity 
somes 
enzymes 
synthesis 
chage 
wsich 
othe! 

wih 


filtration 
crinophagy” _ 
days 


.” region 


Page no. line from 
133 i top 
136 7 top 
136 18 bottom 
137 5 bottom 
138 12 top 
140 2 top 
140 13 top 
141 Legend to figure 6.15 
8 top 
147 20 top 
150 10 top 





read , for 
dilatations, dilatations 
to be read above line | 
Glycogenic Glyocogenic 
Moriarty Moriarity 
Moriarty Moriaty 
horizontal hoizontal 
contains contain 
140, 140 
stated, stated 
area area 
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Page no, line 


189 









from 


Legend to figure 104 


l top 
12 bottom 
1 bottom 
6 top 
6 bottom 
18 top 
19 bottom 
17 bottom 
2 top 
5 top 
16 bottom 
l1 top 
115 top 
9 top 
12 bottom 
7 bottom 
16 top 
2 top 
3 top 


ha T * 
bottom 
" — 





Rhodeus 
aniline 
affinity 
mossambicus 


granule 

to delete and podium 
gonadotrophic 

stimula- 

LTH 

granulations and they 

prominence. 

Cyprinus 

serotonin 

studied 

fish. 

GT H cells 

vitellogenesis”’. 

immunoperoxidase 

S. 


gran ule ) 


- on f sS 
gs y [l i 1 e | \ ~ l 
* ew il 


for 


Rnodeus 
alinire 
afinity 
mossambieus 
grenule 


gonadotropric 


granulations they 
prominence 
Cypriuus 
serotomin 

fish 
vitellogenesis™ 


SOT 4. 2 
heteroclitus 
108 

et al., (1969), 
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f 
Pageno. line from | read — | 
224 10 bottom microscope, microscope 
226 3 top Proadenohypophysis below Part of the piiuitary 
226 3 top Acidophil below cell type 
226 15 top other othar 
227 3 top Mesoadenohypophysis below Part of the pituitary 
227 eS top . Basophils below cell type 
228 l top - Metaadenohypophysis in place of ” in column 2- 
273 16 bottom synthesis svnthesis 
316 7 top They The 
331 12 top to be deleted 
331 20 bottom adrenocortical alrenocortical 
349 19 bottom secondary sencondary ) 
349 11 bottom number. number — | 
356 11 top controls. controls 
xxxvi lines 10—12 from top to be read above line 11 from bottom = 
xxxvii 6 bottom Add 158, 169—175 y 4 
xxxix Legend to figure SB, 1.2 —— u 
6 top (thyrotrophin — — 
top hormone), _ hormone, j 
top aspect aspect er ity t 
i Pje 
K4 2% =. 
Bs 
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